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This work constitutes a first attempt in building a robot capable of, albeit 
in a simplified fashion, viewing a picture, analyzing a picture, and drawing the 
picture. First, the object or scenery of interest is captured into a color image. 
Then, various colors of the image are identified via a segmentation process. 
Color, however, is fuzzy. Take the color red as example. It is hard to identify 
which color is exactly red, as the colors pink, brown, orange all have certain 
components of red in them. The present work applies fuzzy logic {rule-hased 
method and fuzzy clustering) to the process of color segmentation. In fact, we are 
not going to identify the various colors exactly inside an image. We just try to 
find out which of our drawing pens closely matches the color of the object in the 
image. Then, we use the pen to draw the object on a drawing paper. 
The purpose of color segmentation is hence to separate a color image into 
several sub-images according to the colors. For instance, an image of a head 
contains black hair and eyebrows, brown eyes, yellow face and nose, and red lip. 
The number of colors is four. After color segmentation, four sub-image files 
(called binary image file) will be obtained one for each color. Each binary image 
file then undergoes the processes of labeling, blob analysis, type classification, 
point generation and yields two data points files containing the boundary points 
and the points for line filling. Since the drawing space is 2-dimensional, all data 
points are in 2-dimensional as well. The present work classifies the shape into the 
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following types: regular shape (circle, ellipse, or semi-circle) and irregular shape 
(represented by their corner points). All these data are in image coordinates and 
therefore, need to be converted into robot coordinates. After coordinate 
conversion, the data in robot coordinates and then sent to the robot controller. As 
it happens that the robot controller in our setup is incompatible with the format of 
the data files, a program in C has to be written for sending the data one by one 
through a RS-232 cable, and another in Advanced Control Language (the 
language for communication with the robot controller) for receiving data in the 
controller. Finally, the robot executes the commands and a drawing is produced. 
2 
Chapter 1 Introduction 
1.1 Motivation 
The underlying motivation of this project is the design and construction of a 
rule-based system capable of making artistic drawing. The present thesis details the 
development of a computerized cameray'robotic system capable of viewing a picture, 
analyzing it, and then drawing it out. Of course, we aspire the robot's performance in 
drawing is close to that of a human being. However, we know that a machine is a 
machine and a man is a man. There exists a great difference between what man can 
create and what machine can produce. 
At the offset, we desire that the robot is to have its own style of drawing and 
painting. It should not like a copy machine, printer, x-y plotter or any other 
reproduction machine. All these machines just produce an exact figure of original 
image. They cannot produce a vivid lucid picture. On the other hand, the 
computerized robotic system is not similar to Computer Aided Design (CAD) system, 
or other technical drawing system. We hope that the system can produce an artistic 
piece of work. 
"Drawing! God knows its simple enough - making things out of line. I've 
seen far better drawings — done by children of seven and eight than by the 
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academicians" [1]. To appreciate a drawing is subjective because drawing is 
originally a conceptual expression. People at different ages and with different 
experiences have different expression and appreciation. Drawing, like any art from, 
can be a very private, even isolated pursuit. As Hubert Read noted in his book [2] in 
1943, "for example, when two men observes an apple, the first man may draw a red 
circle to represent the apple. The second man may draw a reddish pink heart shape to 
represent the apple. One reason for this is the diverse phenomenon of drawing itself. 
It is perceived to have very diverse intentions and to express very different aspects of 
human endeavor. Different person has different representation, but same person may 
have two different styles of representation at different time." 
In this project, we start simple. We just expect that the system can make the 
whole painting out of color lines. We are to develop a computerized robotic drawing 
system, which is able to see something (a picture, photo or scenery), do some analysis 
and then draw something out. The system is composed of several components. It has 
a charge-coupled device (CCD) camera like the eyes of a human being, a robot arm 
like our hand, and a computer program for analyzing the image input and organizing 
the robot arm's movement, like our brains. In this work, computer program is to 
perform the analysis and drawings subject to the sets of rules designed by us to 
convey, in a somewhat crude way, human being's sense, feelings, and styles. 
As this is only a first attempt to demonstrating the realization of such a 
system, we adopt the following two simplifications. First, our painting system is 
4 
expected to be capable of distinguishing up to seven colors (red, orange, yellow, 
green, blue, black, and white). It is not expected to distinguish between dark and light 
color, such as dark blue and light blue. And also it does not identify other colors out 
ofthe seven such as pink, magenta, etc. It may treat pink as red and purple as blue. 
Second, for drawing patterns, the robot arm only knows how to draw simple shapes, 
such as circle, ellipse, semi-circle, square, rectangle, and irregular shape by 
connecting the identified comer points. And drawing is done by simple straight lines 
only. 
Figure 1.1 shows the block diagram of the system is shown in. Note that rule-
based technique is applied to the process of color segmentation, blob analysis, type 
classification, and point generation while CCD camera and robot are involved in the 
image capturing and picture drawing steps. The present project is a good way of 
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1.2 Objectives 
The basic idea of this project is to assemble a robot system with primitive 
drawing capabilities of human being. It has an eye, a brain and a hand. The eye is 
used to observe the picture, store this image in the brain and to get information such 
as the colors, shapes, and etc from the image. After the analysis, the hand is then 
commanded to draw the picture. 
The analogy between human being and the robot drawing system is following: 
(i) a charge-coupled device (CCD) camera with an image grabber versus an eye 
for capturing real image 
(ii) computer versus brain for analyzing data and controlling the movement of 
robot arm 
(iii) robot arm versus our hand for picking up pens and drawing 
Figure 1.2 shows the comparison between human being's and robot system's 
drawing method. The figure illustrates the similarities and the differences between a 
human artist and the system we are to assemble. When a human artist is going to 
draw something, he/she paints apicture with his/her hand. Our system is expected to 
act similarly in the following manner: capturing a (simple) picture into digital image 
representation, identifying colors and shapes according to a set of rules and 
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1.3 Overview 
The remaining of this thesis discusses in details the various elements in the 
robotic system and depicted the Block Diagram of Figure 1.1. 
Chapter 2 describes grabbing which is the process of converting the captured 
real image into digital image representation for color identification. For capturing 
with CCD camera we use an image grabber from Matrox Electronic System Limited, 
which requires us to save the image file in TIFF format in order to be convertible to 
digital image representation in Matlab. The chapter also describes the process of 
color segmentation. Fuzzy rule-based method and fuzzy clustering method are given 
for the processing. At the end of color segmentation, binary sub-images would be 
generated for individual colors. 
Chapter 3 illustrates the processes of labeling, blob analysis, type 
classification, and point generation. The objective of labeling is to count the number 
of objects in individual binary image file, that of blob analysis is to determine the 
characteristic values associated with each object, such as Euler number, length of 
major and minor axis, and etc. Corner detection is to find the location and number of 
comers of an object. All these data are useful to classify the type of the object. These 
data will be used to produce the to-be-drawn version of the object according to a set 
ofpre-designed rules. This to-be-drawn object will be contained in two data files: one 
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for boundary of the object and the other for the points of filling up the object by 
straight lines. 
Chapter 4 describes the robot system setup and the process of coordinate 
conversion from image coordinate system to robot coordinate system, as well as the 
communication and control of the robot arm movement. The chapter details the 
selection of the working space, and ways to remedy the shortcomings of the robot. 
Finally, Chapter 5 contains the conclusions and future works. 
10 
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Chapter 2 Color Identification 
Color identification is the process of determining the colors for the to-be-
drawn picture. It involves grabbing the original image, changing it into TIFF 
image file and then, converting it into digital image representation. The process of 
color segmentation is then applied to the digital image representation, after which 
binary images with respect to specific colors are obtained. 
2.1 Grabbing 
Grabbing is the process of capturing the original image, putting it into a 
TIFF image file and then converting into digital image representation. The 
original image can be captured using one ofthe three methods: 
(a) From CCD camera 
Figure 2.1 depicts the part of the system for this mode of capturing an 
image. The part con. The system mainly consists of a CCD camera and a Pentium 
personal computer equipped with an imaging grabber board. During actual 
grabbing, light energy from the real-world image passes through the light 
transducers located in the front of the CCD and is converted into electric charges. 
The electric charges then go through an electronic circuit that encodes the 
resultant current into analog TV video signal. The analog TV signal is then passed 
on to the digitizer. 
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The present work utilizes an imaging grabber board from Matrox 
Electronic Systems Limited which is largely composed of three parts: digitizer, 
data buffer, and display controller. The digitizer is used for converting the analog 
signal into digital signal. The data buffer is used for storing images with 8-bit 
graylevel or RGB 8:8:8 color images or pixels in matrix form. Up to 800 x 600 
pixels resolution can be accommodated. The image file is resulted in TIFF, a form 
that compatible with Matrox Image (MIM) format. The display controller is to 
communicate with the computer for the display of image on screen. The imaging 
grabber board is equipped with Matrox Image Library (MIL) for handling the 
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(b) From Scanner 
On the other hand, an image file of the original image can be obtained 
using a scanner and the corresponding software. The resulting image file in this 
case can be put in TIFF format. 
(c) Download from Software 
Besides capturing through CCD camera and scanner, a third method is to 
draw a picture with popular software such as Paint Brush, Corel Draw, etc. Also 
one can download any image file of interest from Clip Art or via Internet. Again, 
the resulting image file in this case can be put in TIFF format. 
2.2 Digital Image Representation 
The image in TIFF format as resulted from grabbing is converted into 
digital image representation inside the computer for color segmentation. The 
adopted form of the digital image representation can be represented by the N x M 
matrix (im) as follows: 
zm(l,l) /w(l,2) ... zm(l, M) 
im{2X) im(2,2) ... im(2, M) 
im = 
： i i ： (2.1) 
: [im(N,l) im(N,2) ... im(N,M) 
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The matrix elements (image pixels) are integers in the range [0,...,255] for 
8 bit gray level or color R:[0,...,255], G:[0,".,255], B:[0”..,255] images. They 
can be represented as unsigned characters in C language. Note that however in 
arithmetic calculations, image pixels must be represented as floating point 
numbers in C. For the MIL, the image file stored in the image buffer is in digital 
image representation and the command "MbufGetColor" is used to assign an 
array to represent the image. For Matlab, the command "tiffread('filename')" is 
used. The examples of the commands used for conversion from TIFF format to 
digital image representation are shown in Appendix. 
Before the process of color segmentation, each pixel of input color image 
is in R:[0,...,255], G:[0,".,255], B:[0,...,255]. For the binary sub-image obtained 
after color segmentation，each pixel is either 0 or 1. 







Figure 2.2 Spatial Coordinates used in Digital Image Representation 
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2.3 Color Segmentation 
Color segmentation is one of the most critical components of the image 
analysis process. The present work applies fuzzy logic approach to this process. 
The theory of fuzzy sets was first introduced by Zadeh [3], based on the 
realization that it may be impossible to model ill-defined systems with precise 
mathematical assumptions of the classical methods, such as probability theory. 
The theory of fuzzy sets has found many potential application in the fields of 
control, pattern recognition, and image processing. Recently a monograph of 
collected published papers on fuzzy models for pattem recognition has been 
published by Bezdek and Pal [4] detailing a number of significant contributions 
from conceptual understanding to applications of fuzzy models for solving of 
real-life problems. Krishnapuram and Keller [6] also published an overview of 
fuzzy set approach to computer vision. 
The present work investigated the application of two fuzzy methods, 
namely, fuzzy rule-based method and fuzzy clustering method for color 
segmentation. 
2.3.1 Fuzzy Rule-Based Method 
A membership function is a relation (normally a curve) between the fuzzy 
input value and its corresponding membership value (or degree of membership) 
between 0 and 1 as pertaining to a specific concept. It is the tool of modeling a 
15 
gradual transition from region of non-belonging to region of full belonging. 
Membership function concept has been applied to measure the inherent fuzziness 
in the classification of whether or not certain handwritten characters satisfy the 
descriptions of "straightness" and "well-orientedness" [23]. Direct use of fuzzy 
membership functions is also found effective for image enhancement [10], [11]. 
In this work, since all colors in the spectrum can be created with the 
primary colors of red, green, and blue, the red, green, and blue colors making up a 
color space can be treated as fuzzy variables. With each color component 
represented by a 8-bit number, the minimum and maximum value of each color 
component will be 0 and 255, and different combination of red, green, and blue 
number represent a different color. Figure 2.3 shows the membership functions 
corresponding to small, medium, and large number for red and green colors. 
Membership functions for color blue are similar but are omitted in the figure for 
the ease of illustration. 
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Figure 2.3 Membership Functions 
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The 3 fuzzy variables (R, G, and B) each with 3 membership functions (small, 
medium and large) produce 27 rules as follows: 
Rule 1 - I f R is small, G is small and B is small, then the color is black. 
Rule 2 — I f R is small, G is small and B is medium, then the color is blue. 
Rule 3 - I f R is small, G is small and B is large, then the color is blue. 
Rule 4 — I f R is small, G is medium and B is small, then the color is green. 
Rule 5 - I fR is small, G is medium and B is medium, then the color is cyan. 
Rule 6 - I fR is small, G is medium and B is large, then the color is blue. 
Rule 7 - I fR is small, G is large and B is small, then the color is green. 
Rule 8 — I fR is small, G is large and B is medium, then the color is green. 
Rule 9 - I fR is small, G is large and B is large, then the color is cyan. 
Rule 10 - I fR is medium, G is small and B is small, then the color is brown. 
Rule 11 - I fR is medium, G is small and B is medium, then the color is purple. 
Rule 12 - I fR is medium, G is small and B is large, then the color is blue. 
Rule 13 - I fR is medium, G is medium and B is small, then the color is green. 
Rule 14 — I fR is medium, G is medium and B is medium, then the color is gray. 
Rule 15 — I fR is medium, G is medium and B is large, then the color is blue. 
Rule 16 - I f R i s medium, G is large and B is small, then the color is green. 
Rule 17 - I fR is medium, G is large and B is medium, then the color is green. 
Rule 18 - I fR is medium, G is large and B is large, then the color is blue. 
Rule 19 - I fR is large, G is small and B is small, then the color is red. 
Rule 20 — I fR is large, G is small and B is medium, then the color is pink. 
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Rule 21 - I f R is large, G is small and B is large, then the color is blue. 
Rule 22 — I f R i s large, G is medium and B is small, then the color is orange. 
Rule 23 - I f R i s large, G is medium and B is medium, then the color is pink. 
Rule 24 - I f R is large, G is medium and B is large, then the color is purple. 
Rule 25 - I f R is large, G is large and B is small, then the color is yellow. 
Rule 26 - I f R is large, G is large and B is medium, then the color is yellow. 
Rule 27 - If R is large, G is large and B is large, then the color is white. 
For any given R, G, B values, output is inferred by Product-Sum-Gravity 
Paradigm. As an example, for input values o fR , G, B less than 128，one follows 
the following steps to obtain an output. 
(i) Obtain normalized values: x = value of R / 128; y = value of G / 128; z = 
value o fB /128; 
(ii) Membership degrees for the "small" membership functions of the color 
red, green, and blue are hence mem_xOO = 1 - x; mem_yOO = 1 - y; 
mem_zOO 二 1 - z; 
Membership degrees for the "medium" membership functions of the color 
red, green, and blue are hence mem_xlO = 1 — mem—xOO; mem_ylO = 1 -
mem—yOO; mem_zlO = 1 - mem_zOO; 
(iii) Obtain product of membership degree for the fired rules 
Rule 1: mem_000 = mem_xOO*mem_yOO*mem_zOO; 
Rule 2: mem_001 = mem_xOO*mem_yOO*mem_zlO; 
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Rule 3: mem_010 = mem_xOO*mem_ylO*mem_zOO; 
Rule 4: mem_011 = mem_xOO*mem_ylO*mem_zlO; 
Rule 5: mem_100 = mem_xlO*mem_yOO*mem_zOO; 
Rule 6: mem_101 = mem_xlO*mem_yOO*mem_zl0; 
Rule 7: mem_110 = mem_xlO*mem_ylO*mem_zOO; 
Rule 8: mem_l 11 二 mem_xlO*mem_ylO*mem_zl0; 
(iv) Summing the weighted rule output and finding centroid yields an output of 
mem_000*out_l+mem_001 *out_l 0+mem_010*out_2+mem_011 *out_l 1 
+mem_l 00*out_4+mem_l 01 *out_13+mem_l 10*out_5+mem_l ll*out_14 
The program for the general computation of output using Product-Sum-
Gravity paradigm is in the Appendix. The program is carried out to characterize 
the color of every pixel in the image file. Pixels of the same color are then put into 
a binary sub-image file for that color. 
As an example, Figure 2.5 shows the input image and the binary sub-
images files after the color segmentation process by the above method. There are 
five colors (black, green, red, orange, and blue) in the original image, resulting in 
five binary sub-images: black sub-image, green sub-image, red sub-image, orange 
sub-image, and blue sub-image. 
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2.3.2 Fuzzy Clustering Method 
The second method for color segmentation utilizes the concept of 
"clustering". "Clustering" is a process to obtain a partition P of a set E of N 
objects Xi (i=l,2,3....,N) by the use of a resemblance or disemblance measure 
such as a distance measure. A partition P is a set of disjoint subsets of E and an 
element Ps of P is called a cluster and the centres of the clusters are called 
centroids. Simply that, clustering is to lump together data points that populate 
some multidimensional space into a specific number ofdifferent clusters. 
Many techniques have been developed for clustering data. This project 
adopts Fuzzy c-means (FCM) Clustering method. FCM is a data clustering 
technique where each data point belongs to a cluster to a degree specified by a 
membership grade. This technique was originally introduced by Jim Bezdek in 
1981 [4]. 
The method we implemented is the version function by Zhem Chi, Hong 
Yan and Tuan Pham [4], [5], [6] which is based on iterative minimization of a 
criterion function. The method starts with initial cluster centres (centroids) that 
may be very inaccurately placed. Nevertheless, every data point now has a 
membership grade for each of the cluster. The idea is, iteratively updating the 
cluster centres and the membership grades for each data point, the cluster centres 
can be manipulated to be moving to the "right" locations. The iteration is based 
on minimizing an objective function that is the sum of the squared Euclidean 
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distances between each input sample and its corresponding cluster centre, with the 
distances weighted by the fuzzy memberships: 
J(U,V) = Y f ^ u - \ x , - v ^ \ (2.2) 
;=1 A:=1 
Where xi, x2, ....., Xn are n data sample vectors; V={vi, v2, ,Vc} are cluster 
centres; m e [l,oo) is an exponent weight factor; and U = [uik] is a c x n matrix, 
where Uik is the 产 membership value of the k^ ^ input sample Xk. The membership 
values satisfy the following conditions: 
0 < u., < 1 i = l,2,…“,c; k = 1,2,…“,n; (2.3) 
t^^ik=l A: = l,2,…,.,n (2.4) 
/_=i 
n 
0 < 2 X < " (2.5) 
/=i 
The iterative algorithm makes use of the following equations: 
1 “ 
v,- = — ^ u2 Xj|^ i = 1,2”.. .c 
T< '=i (2.6) 
k=l 
_ 1 ]凡'-1) 
~ y 2 
^ik ~ p 卞/(„卜1) / = l,2,....,c; k = 1,2,....,/7 (2.7) 
C 1 
E ^ ^ 
j='l^k-^i _ 
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For calculation of a cluster centre, all input samples are considered and the 
contributions of the samples are weighted by the membership values. For each 
sample, its membership value in each class depends on its distance to the 
corresponding cluster centre. The weight factor m reduces the influence of small 
membership values. The larger the value of m, the smaller the influence of 
samples with small membership values. The specific steps of the iterative 
algorithm are: 
(i) Initialize U(�) randomly or based on an approximation; initialize V(�) and 
calculate U(�). Set the iteration counter a=l. Select the number of class 
centres c and choose the exponent weight m. 
(ii) Compute the cluster centres. Given U(a), calculate V(a) according to 
Eq.(2.6). 
(iii) Update the membership values. Given V(of), calculate U(a) according to 
Eq. (2.7). 
(iv) Stop the iteration if 
max|4")_4"-i)| S e (2.8) 
else let a=a+l and go to Step 2, where a is the pre-specified small number 
representing the smallest acceptable change in U. 
To adopt the above FCM for color segmentation, the color space hue, 
saturation, and brightness (HSB) is used instead of the red, green, and blue (RGB) 
space. Hue is the predominant spectral color in the light. Saturation indicates the 
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spectral purity ofthe color in light. Brightness is the amount of light received by 
the eye regardless of color. It ranges from very dim to very bright or dazzling. 
The relationships between Hue, Saturation, Brightness, Red, Green, and Blue can 
be graphically represented by the diagram in Figure 2.4. The Matlab commands 
"hsb2rgb" and "rgb2hsb" very efficiently convert HSB coordinate system to RGB 
coordinate system and vice versa. 
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Figure 2.4 Color Representation 
The steps for color segmentation using FCM are as follows: 
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(i) A large number of lines are drawn with the designated set of drawing 
pens. 
(ii) Thousands of points in HSB coordinates are randomly generated from the 
lines of (i). 
(iii) Apply FCM to the points in (ii). The number of cluster centres should 
equal the number of drawing pens. 
(iv) Each cluster centre is now a representative point for one of the drawing 
color. 
(v) The cluster centres are converted from HSB coordinate to RGB 
coordinate. 
(vi) Compare the RGB values of each pixel in the image file with that of the 
cluster centres. 
(vii) The corresponding pixel in the to-be-drawn figure is assigned the RGB 
values of the closest cluster centre. 
Figure 2.6 and 2.7 show two examples of color segmentation by the FCM 
method. The original image in Figure 2.6 is composed of eight colors: 2 red, 2 
blue, 2 yellow, 1 green and 1 white. The centre part (blossom) of each flower is 
too light to be detected by this method. The background is white. As a result, 4 
binary images: image in green, image in blue, image in red and image in yellow 
are obtained. 
In Figure 2.7, the original image is a boy with blond hair and black eye 
and mouth. His face and ear is in flesh color (a color between orange and yellow). 
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His shirt is in greenish blue. Although his shirt looks like green in the print-out, it 
is actually blue in the screen. His pant is magenta. His shoes are in blue with 
black bottom. As a result of color segmentation by fuzzy clustering method, five 
binary sub-images are obtained. In this case, only seven colors (black, white, red, 
green, blue, yellow and orange) can be identified. The color of his face and hair is 
counted as orange and yellow, respectively. In the yellow sub-image, the object 
hair contains a hollow blob inside (left ear). The face also has two hollow blobs 
for the eye and month. 
2.4 Conclusion 
CCD, scanner, and downloading from software are the three ways to 
capture an image of interest into a TIFF file. The computer program converts this 
TIFF file to Digital Image Representation, while then undergoes color 
segmentation and results in several binary sub-image files of single color. The 
two methods adopted here for this process are the fuzzy rule-based method and the 
fuzzy clustering methods. Presently, the program can separate an image into sub-
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Figure 2.5 Color Segmentation by Fuzzy Rule-Based Method 
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Figure 2.6 Color Segmentation by Fuzzy Clustering Method 
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Figure 2.7 Color Segmentation by Fuzzy Clustering Method 
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Chapter 3 Shape Recognition 
Shape Recognition is the process to classify the type of an object according to 
its characteristic values and number of comers, and to generate data points for the 
object in the to-be-drawn picture. 
3.1 Labeling 
Labeling is to count number of distinct objects inside a binary image. For 
example, the number of distinct objects in the yellow sub-image file of Figure 2.7 is 
one and in the black sub-image file is three. 
3.1.1 Pre-processing 
Two pre-processing operations have to be conducted prior to labeling in order 
to minimize the error in counting. These are the erosion and dilation operations. The 
erosion operation is to eliminate small anomalies such as single-pixel bright spots 
from the binary images. Repeated application of the erosion operation shrinks 
touching objects by darkening their perimeters until they are finally separate. The 
dilation operation is to eliminate small anomalies such as single-pixel dark spots from 
the binary images. Repeated application of the dilation operation expands broken 
objects by brightening their perimeters until they finally merge into one. Repeated 
applications of erosion and dilation may be useful to eliminate ambiguity in some 
cases. 
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Generally speaking, these operations are used to eliminate occurrence of 
errors in labeling due to existence of single-pixel in the image. The commands used 
in MIL and Matlab are "MimDilate and MimErode" and “dilate and erode", 
respectively. 
3.1.2 Connected Component 
Given any pixel p in S, the set of pixels in S that are connected to p is defined 
to be a connected component of S. With the understanding that pixels belonging to 
the same object would belong to the same connected component, the labeling process 
is hence to determine the number of independent connected component in a binary 
sub-image file. If there is only one object in the file, then there may not be a need for 
finding the connected components. However, if there are more than one object in a 
file, then a labeling algorithm must be executed. 
Two kinds of connected components are adopted in this work: the 4-
connected component and the 8-connected component. 
m m i 
4-connected 8-connected 
Figure 3.1 Connected Component 
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The 4-connected component is determined by the 4-neighbors of the pixel p in 
concem. For pixel p at coordinates (x, y)，the 4-neighbors are the two horizontal and 
two the vertical neighbors whose coordinates are given by: (x + 1, y), (x - 1, y), (x, y 
+ 1), and (X, y - 1) as shown in Figure 3.1. 4-connected component is mainly applied 
to the inside region of an object. The labeling algorithm sets to find all connected 
components in an image and assigns a unique label to the points in the same 
component. The algorithm is sequential and works with only two rows of an image at 
a time. The algorithm looks at the neighborhood of a pixel and assigns the same 
labels number to the connected component. This information is recorded in an 
equivalent table. In case that there are two different numbers in the neighborhood of a 
pixel, the equivalent table is also keep track of all such case. This table is used in a 
second pass to assign a unique label to these ambiguous pixels. 
In more details, the algorithm scans an image from left to right and from top 
to bottom. The algorithm looks at only two of a pixel's 4-neighbors: the ones above 
and to the left of it. If none of these pixels is 1, then the pixel requires a new label. If 
only one of the two pixels is 1 and has been assigned a label L, then the pixel will be 
assigned 1. Ifboth pixels are of value 1 and have been assigned the same label L, then 
the pixel in concem will be assigned L. If the two neighbors have different labels M 
and N, then the two labels have been used for the same component and they must be 
merged. In this case the pixel is assigned one of the labels, usually the smaller one, 
and both labels are recorded as equivalent labels in the equivalence table. 
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The equivalence table contains the information to assign unique labels to each 
connected component. In the first scan, all the labels that belong to one component 
are declared equivalent. In the second pass, one label from an equivalent set, usually 
the smallest one, is selected to be assigned to all pixels of the component. After all 
the connected components have been found, the equivalence table should be 
renumbered so that the labels numbers are consecutive. The image is then rescanned 
using the revised equivalence table as lookup for renumbering the objects in the 
image. 
On the other hand, the 8-connected component is determined by the 8-
neighbors of the pixel p in concern. For a pixel p with coordinates (x, y), the 8-
neighbors are 4-neighbors plus the four diagonal neighbors, which are (x + 1, y + 1), 
(X + 1, y — 1), (X —1, y + 1), and (x — 1，y - 1), as also depicted in Figure 3.1. This 
labeling is mainly applies to the whole binary image. The labeling algorithm is 
similar to 4-connected one except that it looks at three pixels: the ones above, the one 
to the left, and the one to the left diagonal of the pixel in concern. 
The commands in Matlab for 4-connected component and 8-connected 
component labeling are "bwlabel(filename,'4')" and "bwlabel(fIlename,'8')", 
respectively. 
32 
3.2 Blob Analysis 
Blob analysis is to find the characteristic values and comer points of an 
object. Each object, now with individual label number, is to undergo this process. The 
characteristic values and location of comer points are then used for type classification 
of the object. Figure 3.3 shows overall the process of labeling, blob analysis and type 
classification. The computer program is given in Appendix. 
3.2.1 Characteristic Values 
The following characteristic value are defined and generated in the blob analysis 
operation. 
Euler Number (E) — The number of object minus the number ofholes. 
Region Boundary — The set of pixels of a connected component that are adjacent to 
pixels not in that connected component. A simple local operation may be used to find 
pixels on the boundary. In most applications, one wants to track pixels on the 
boundary in a particular order. One common approach is to track all pixels of a region 
in a clockwise sequence. 
Area (A) — The area of the interior of the object. This is computed as the total 
number of pixels inside, and including, the object boundary. The area measure does 
not include object hole areas. 
Perimeter (P) 一 The pixel distance around the circumference of the object. For 
computation, if boundary pixel contacts its neighbor vertically or horizontally, the 
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pixel distance is set as 1 unit. If a pixel contacts a neighbor diagonally, the pixel 
distance is set as the square root of 2, or 1.414 units. The sum is then a measure of 
object boundary length. 
Maior Axis — The (x, y) endpoints of the longest line that can be drawn through the 
object. The major axis endpoints (xl, yl) and (x2, y2) are found by computing the 
pixel distance between every combination of ordered pixels in the object boundary 
and finding the pair with the maximum length.(see Figure 3.2) 
Maior Axis Length (MAL) — The pixel distance length between the major axis 
endpoints. This result in a measure of object length. 
^ ^ 
Major Axis Length = square root of [(x2 - xl) + (y2 - y l ) ] 
Minor Axis — The (x，y) endpoints of the longest line that can be drawn through the 
centroid of the object while maintaining perpendicularity with the major axis.(see 
Figure 3.2) 
Minor Axis Length (MIL) — The pixel distance length between the minor axis 
endpoints. This results in a measure of object width. 
， 0 
Minor Axis Length = square root of [(x4- x3) + (y4- y3) ] 
Orientation (Deg) — The angle between the major axis and the x_axis of the image. 
The angle can range from 0° to 360°. This results in a measure of object orientation. 
Deg = tan_i[(y2 - yl) / (x2 — xl)] 
Centroid 一 The balance point (x, y) of the object where there is equal mass above, 
below, left, and right. The pixels in an object are assumed to have unit weight. 
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Therefore, x-coordinate of centroid is equal to sum of the object's x-pixel coordinates 
divided by number of pixels in object. The y-coordinate of centroid is equal to sum of 
the object's y-pixel coordinates divided by number of pixels in object. 
Bounding Box — The box that entirely surrounds the object, as determined by the 
maximum and minimum coordinate values of x and y. 
x3,y3 
y ^ Minor Axis ^ ^ \ 
L ^ x2 ,y2 
V X，y Major Axis y 
xi ,y l \ ^ ^ ^ ^ ^ ^ 
x4, y4 
Figure 3.2 Major Axis and Minor Axis 
3.2.2 Comer Detection 
The process of comer detection is to find the comer points of the object. The 
technique involved is based on the paper "Gray-level Comer Detection" by Les 
Kitchen and Azriel Rosenfeld [14]. Let 0(x,y) be the gradient direction given by tan Q 
=gy /gx at any point (x,y). The partial derivatives of Q are: 
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Projecting the change of the gradient direction vector (¾, 6y) along the edge, and 
multiplying the result by the local gradient magnitude, yields 
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The steps for corner detection are the following: 
(i) Filter the image file by Gaussian filter 
(ii) Find 6^  and 6y using [3.1: 
(iii) Find the value ofk using [3.2: 
(iv) Locate the maximum values of k in the image. The coordinates of the 
maximum values ofk are the coordinates of the corner points. 
The computer programs for corner detection are given in Appendix. 
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3.3 Type Classification 
Type classification is to find out the kind of shape belongs to. Standard shape 
consists of circle, semi-circle and ellipse. Non-standard shape is one, which is 
represented by the connection of its comer points. For example, triangle is a non-
standard blob because it can be represented by connection of its three comers. 
Similarly, square, rhombus, rectangle, etc. belong to non-standard type. If an 
unknown blob has less than two comers, it may be classified as circle or ellipse 
depending on its ratio (R) of Major Axis to Minor Axis. In this work, if R is larger 
than 1.5, the blob is decided as ellipse. I fR is less than 1.5, it is decided as circle. The 
followings give more details of the process. 
3.3.1 Standard Blob 
(a) Circle 
A blob is found to be a circle if it meets following criteria: 
(i) Diameter L = (ML + NL)/2 ； 
(ii) Absolute value of [(ML - NL) / L] < n % where the percentage n is an 
adjustable parameter. 
(iii) Deg = 0° or very small 
(iv) Number of comer point < 2 
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(v) Absolute of [(A - ;r*L*L/4)/A] < m % where the percentage m is another 
parameter. 
In this case, the centre of the circle is set to be the coordinate of the centriod and the 
radius of the circle is L/2. 
(b) Semi-circle 
A blob is found to be a semi-circle if it meets following criteria: 
(i) Absolute of [(ML - 2*NL)ML] < m % where the percentage m is an 
adjustable parameter. 
(ii) Number of comer points < 4 
(iii) Absolute of [(A - ;r*NL*ML/2)/A] < n % where the percentage n is another 
parameter. 
The centre of the semi-circle is mid-point of the Major Axis and radius of the semi-
circle is P^TL+ML/2)/2. 
(c) Ellipse 
A blob is found to be an ellipse if it meets following criteria: 
(i) ML is not equal to NL 
(ii) Number of comer points < 2 or less 
(iii) Absolute value of [(A — ;r*ML*NL/4)/A] < n % where the percentage n is an 
adjustable parameter. 
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The centre of the ellipse is then set as the meeting point of the Major Axis and Minor 
Axis. 
3.3.2 Non-standard Object 
Any object, which does not belong to any of the standard shape, is considered 
a non-standard object. This type of object is drawn by connecting all comer points as 
determined by corner detection. The number of the comers has to be greater than 2. 
3.4 Flow Chart 
The operations of labeling, blob analysis and type classification allow us to 
determine the shape of the objects in the sub-image files. If an object has hollow 
parts, the corresponding Euler Number would be indicative as to the number of 
hollow blobs. In fact, hollow blobs are solid blobs in another color. 
The flow chart in Figure 3.3 summarizes the procedures of this chapter. Note 
that circles with alphabets inside are connectors to other parts of the chart. 
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3.5 Point Generation 
After the type of an object is determined, the next problem is to generate certain 
points based on which drawing of the object is to be executed. 
3.5.1 Drawing the Boundary 
This part involves drawing the boundary of the identified shape, 
(a) Circle 
For circle, the centre and radius are known. Therefore, it is easy to find the 4 







Figure 3.4 Points for Drawing a Circle 
Assume that (xc, yc) is the centre and r is the radius of the circle, one has xl = xc + r, 
yl=yc，x2 = xc - r , y2=yc, x3 = xc, y3=yc+r, and x4 = xc, y4=yc-r. Joining the four 




For semi-circle, there are eight different types of shape possible (see below). 
^ 
x l , y l x2, y2 xl,yl^^^^^^^^^ ^ ^ ^ x2, y2 
TvpeA TvpeB 
x l , y l x l , y l 
n h 
U Ly 
x2, y2 x2, y2 
TvpeC TvpeD 
Figure 3.5 Semi-circles 
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Figure 3.5 Semi-circles (cont'd) 
To decide if a semi-circle belongs to type A, B, C, D, E, F, G, or H, one needs to 
locate a pixel on the boundary arc of the semi-circle and then compares its 
coordinate, say, with the coordinates of the pixels at the end-points of the major axis. 
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Noting that the value of xl is smaller than or equal to that of x2, the following test 
can be conducted. 
Case 1: 
Given: xl < x2 and yl = y2, 
If xl < X < x2 and y > yl, then type A semi-circle can be concluded. 
If xl < X < x2 and y < yl, then type B semi-circle can be concluded. 
Case 2: 
Given: xl = x2 and yl > y2 
If X < x2 and y2 < y < yl, then type C semi-circle can be concluded. 
I fx > x2 and y2 < y < yl, then type D semi-circle can be concluded. 
Case 3: 
Given: xl < x2 and yl < y2 
I fx l < X < x2 and y < y2, then type E semi-circle can be concluded. 
I fx l < X < x2 and y > yl, then type F semi-circle can be concluded. 
Case 4: 
Given: xl < x2 and yl > y2 
I fx l < X < x2 and y > y2, then type G semi-circle can be concluded. 
I fx l < X < x2 and y < yl,then type H semi-circle can be concluded. 
Once the type of semi-circle is known, it can be drawn using the end points of 
the major axis and the point on the boundary. 
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(c) Ellipse 
The boundary of an ellipse can be approximated by drawing the eight individual 
arcs as shown in Figure 3.6. 
_ i _ _ ^ ^ ^ 4 广 、 < / \ � • 乂 
6 
7 
Figure 3.6 An Ellipse 
Drawing of the arcs, on the other hand, is affected by the concentric circle method, 
[17]. Referring to Figure 3.7, the steps are: 
Step 1: Draw two circles with the major and minor axes of the ellipse as diameters. 
Step 2: Divide the circles into 24 equal central angles section. 
Step 3: Draw diametrical lines such as P1P2. 
Step 4: From point Pi on the circumference of the larger circle, draw a line parallel 
to CD, the minor axis, and from point Pf at which the diameter P1P2 
intersects the inner circle, draw a line parallel to AB, the major axis. 
Step 5: The point of intersection of these lines, point E, is on the required ellipse. 
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Step 6: Repeat the procedure at another set of points P2 and P2', and locate point F. 
Step 7: Continuing, a total of 24 points on the required ellipse can be located. 
Step 8: Each set of adjacent 3 points allows an arc to be drawn, making it a total of 
8 as in Figure 3.6. 
^ ¾ 
A — y — — B 识习 ^^•^/^
Figure 3.7 To Construct an Ellipse 
(d) Non-standard Object 
Non-standard blobs are constructed by connecting all the comer points in 
sequential order. The function "contour" in Matlab can be used for arranging the 
points in sequential order. The detail is given in Appendix. 
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3.5.2 Filling in Color by Lines 
The above description concerned only with the boundary of a blob. In this work, 
an object is drawn first by drawing the outside boundary and then filling up the inside 
with the right color. The filling pattem can be divided into two types: Blob without 
hole inside and Blob with holes inside. The first type of blob has only one color 
inside. This filling is achieved by the drawing pen to draw straight lines inside the 
blob until the blob is fully covered by lines. The orientation and number of the 
straight lines can be randomly selected. The separation of the filling line depends on 
the thickness of the drawn line. 
For object with holes inside, the filling is done similar to that of the case where 
there is no hole inside the object. The filling lines, however, should not cut into the 
hole(s) inside the blob. Here, we have our designed system to accommodate the 
possibility of at most 3 holes inside an object. 
Referring to Figure 3.8, the steps of finding the end points of filling lines are as 
follows: 
(i) The object is in light gray color. 
(ii) Select points with maximum and minimum y-coordinate (indicated by two 
horizontal line) 
(iii) Divide the range (y-min,y-max) into a number of divisions according to the 
thickness of the drawing lines (5 divisions are shown in Figure 3.8) 
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(iv) Draw dotted line with certain angle (x-coordinate is taken somewhat to the left 
of the bounding box.)) 
(v) Determine the meeting points with the boundary (indicated by § on each dotted 
line) 
(vi) Join the first and second meeting points, third and fourth meeting points and so 
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Figure 3.8 Drawing of the Filling Lines 
Example ofthe to-be-drawn version of a non-standard object with a hole inside 
is shown in Figure 3.9A. Figure 3.9B shows the case with two holes inside. Note the 
different in line separations and drawing angle for the two figures. We need two data 
files to draw these diagrams: one is the data file for boundary and the other a file 
contains points for line filling. 
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3.6 Conclusion 
For each sub-image, the number of distinct objects is found by the process of 
labeling. Each labeled object (blob) undergoes blob analysis to determine its 
characteristic values and the number and location of its comer points. With these 
data, the shape of the blob is determined by type classification. Point generation is 
then applied to generate boundary points and points of the filling lines for the blob. 
As a conclusion, we have now in our hand two data files for each color, one 
containing the boundary and the another containing points for the line fillings. 
Figures 3.10 and 3.11 are the original images and the expected to-be-drawn pictures 
as contained in the data files. These files would be sent to the robot controller for 
actual drawing. This process will be described in the next chapter. 
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Figure 3.9A Filling with 80 lines at 20" 
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Chapter 4 Drawing 
This chapter describes the difficulties and adopted remedies of setting up the 
robot system for drawing. Examples of the actual drawing are also given. 
4.1 Difficulties & Remedies 
This preset work utilizes a "SCARA" robot, which is a general-purpose 
industrial robot with 5 degree-of-freedom (DOF) manufactured by Eshed Robotec 
(1982) Limited. The programming language is Advanced Control Language (ACL), 
which is stored onto a set of EPROMs within Controller-AC (controller of robot 
arm). As such, the robot controller cannot interface with C or other common 
computer language. One can, however, interface with controller-AC using the 
Advanced Terminal Software (ATS) which operates on any PC host computer. 
4.1.1 Data Transmission Difficulty 
With ATS, a data file can be input to the robot controller through the use of serial 
port. This can be achieved by writing a C program to enable another computer to 
transmit data to the controller through a RS232 channel. The standard for 
transmission is pre-determined by the robot controller: 
• Serial data transmission 
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• 1 start bit 
• 7 data bit 
• no parity bit 
• The connection cable is shown in Figure 4.1 
TXD 2 ^ ^ ^ ^ ^ ^ 2TXD 
RXD 3 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 3 RXD 
SG7 7SG 
Figure 4.1 Connection of the RS 232 cable 
Additionally, the data format for transmission is to use a 16-bit binary number 
to represent a decimal number, where the most significant bit represents the sign of 
the number, i.e., 0 and 1 implies positive and negative numbers, respectively. In this 
case, two's complement is not applicable. An example of this representation is given 
in Figure 4.2. 
Decimal number Binary number 
-256 10000001 00000000 
256 00000001 00000000 
20 00000000 00010100 
Figure 4.2 Data Format 
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4.1.2 Robot Drawing Plane 
Another shortcoming of the robot is that the robot arm cannot be commanded 
to move on a horizontal plane but rather, the workspace is like a "Chinese Wok". 
Several ways are adopted to remedy this situation. This creates the problem that, in 
some region, the drawing pen fails to make contact with the paper. 
(a) We select an envelope with less curvature for drawing. This is achieved by 
trial and error. The resulting selection is given in Figure 4.5 in Section 4.2. 
(b) A spring pocket is designed and constructed to compliance during drawing. 
The pocket consists of two halves of the same workpiece. One of them is shown in 
Figure 4.3. The left-top diagram shows the inside view, the right-top diagram shows 
the isometric view, the left-bottom diagram shows the top view, and the right-bottom 
diagram shows the side view. The spring installed allows the pen moving up and 
down a little bit in drawing. 
(c) Six identical springs are installed underneath the drawing board so as to allow 
more compliance during drawing. It is designed that the rate ofthe contraction ofthe 
springs is almost the same as the rate of the robot movement. 
(d) Other suggestions include designing short drawing lines so as to minimize the 
curvature effect and using drawing pens with wider tip for thicker lines. 
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The overall setup is shown in Figure 4.4. The system can actually 
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4.2 Coordinates Conversion 
The two data files obtained in Chapter 3 are in image coordinate system. They 
need to be converted into robot coordinate system. The conversion is based on the 
coordination system as depicted in Figure 4.5. The drawing board is on the x-y plane 
and perpendicular to z-axis. The paper size is 230 mm (from 65 to 295 on y-axis) x 
160 mm (from 290 to 450 on x-axis), a little bit less than an A4 size. The purpose of 
the conversion is to maintain the aspect ratio (horizontal width to vertical height of 
the original image) and original proportion as much as possible of the original image. 
Let w and h be the horizontal width and the vertical height of the image. Assume (a, 
b) and (x, y) are the coordinates in image coordinate system and robot coordinate 
system, respectively. The conversion is conducted by the following algorithm: 
I f h > w， 
R1 =230/handR2 = 160/w 
Then, x = 295 + round (a* R) andy = 295 — roundfl>^r). 
Else, R1 = 230/w andR2 = 160/h 
Then, x = 295 + round (R*(600 — b)) andy = 65 + round (R*(800 -a)) 
where R = min (R1, R2); [R = R2 ifRl > R2 or R = R1 ifRl < R2J 
Physically, the conversion amounts to, if h is greater than w, the image 
coordinate is rotated 90 degree counterclockwise and then multiplied by a factor. I f h 
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is less than or equal to w，the image coordinate only needs to be multiplied with a 
factor for conversion. 
29f ^ X 
450 
• 





Figure 4.5 Drawing Board 
The actual outputs of Figure 4.1 and 4.2 as produced by the robot system are 
shown in Figure 4.6 and 4.7, respectively. Another example of Figure 4.6 with 
different drawing style on the blue flower is shown in Figure 4.8. 
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Figure 4.6 Actual Drawing of Figure 3.10 
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Figure 4.7 Actural Drawing of Figure 3.11 
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Figure 4.8 Actual Drawing of Figure 3.10 with Different Style 
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4.3 Quantitative Performance Measure 
To gauge the effect of the various processes on the original image. We define 
two performance indexes to measure the deviations between the shape and color of 
the original image and the to-be-drawn output. The first one, Color Deviation 
Measure (CDM), is defined as 
|y(R-rY+(G-gy+(B-b) 
CDM = . ^ — — ^ ~ ~ - ~ ~ — ~ ~ - — — - (4.1) 
V n 
Where n is the number of colors; (R, G, B) are the input color components; and (r, g, 
b) are the color components of the drawing. Physically, CDM measures the average 
deviation ofcolor vectors between the original image and the set of drawing pens. 
The second measure, the Shape Deviation Measure (SDM), is defined as 
[ y Z 
SDM = . ^ (4.2) 
V m \ 乂 
Where d is the minimum distance between a comer point and the boundary of the 
object; and m is the number of comer points. Physically, SDM measures the average 
spatial distortion ofthe comer points between the original and the to-be-drawn image. 
For illustration of these two measures, we refer to Figure 3.10, Figure 4.6, 
Figure 4.9, and Figure 4.10, Figure 3.10 is the original image. Figure 4.6 is the output 
produced using 5 colors (red, yellow, blue, green and white) and normal parameters in 
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the fuzzy clustering. Figure 4.9 is the output using 4 colors (red, yellow, blue, and 
white). Compared to Figure 4.6, the color of the stalk has been assigned by the fuzzy 
rules as blue since color green is now missing. Figure 4.10 is the output by increasing 
m and n to 0.5 in section 3.3.1 instead of the normal value of 0.05 as for Figure 4.6. 
As a result, the outer and inner boundaries of the petals are now identified as circles 
as compared to non-standard shape and ellipse in Figure 4.6. 
The CDM and SDM values for Figure 4.9 and 4.10 as compared with Figure 
4.6 are summarized in the following table. 
— CDM SDM 
~~Figure 4.6 “ 74 0.404 
Figure 4.9~~ 91.77 0404 
~Flgure 4.10 74 1.22 
The values are consistent with the fact that if less number of colors is 
available to represent the image color, the greater will be the CDM. On the other 
hand, if the parameters in type classification are varied appreciably, very different 
shapes from the original ones may be obtained. This gives rise to a higher value of 
SDM. Noting that small CDM and SDM implies that the produced output would be 




This chapter spells out the difficulties and remedies in setting up the robot 
system. Basically, The mechanical designs such as the spring pocket and the added 
springs underneath the drawing board prove to be effective in adding compliance to 
the system during drawing. Together, these setups allow the drawing pen in touch 
with the drawing paper during the drawing process. The work space selection is also 
important so as to minimize the pen-paper separation due to the curvature of robot 
arm movement. Also, the data in image coordinate need to be converted to robot 
coordinate before being input to the robot controller. 
Two measures to gauge the deviation of color and shape as subject to the color 
segmentation and shape recognition processes are defined. They are the Color 
Deviation Measure (CDM) and Shape Deviation Measure (SDM). A smaller value for 
CDM and SDM implies that the produced picture will be closer to the original one, 
though this may not be of interest from an artistic point of view. From a scientific 
point of view, however, we would be interested in observing how these measures 





Figure 4.9 Drawing with 4 colors 
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Figure 4 • 10 Drawing with Different Parameter 
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Chapter 5 Conclusions & Future Works 
This dissertation describes the design and integration of a robotic system 
capable of performing, though in a crude way, the task of drawing. Upon given a 
captured image of interest, the system first separates the objects in the image as 
according to their colors. This process is called color segmentation. Labeling is 
applied to count the number of distinct blobs in a single color sub-image, then 
followed by the process of blob analysis to obtain the characteristic values of the 
individual blob. The shape of the blob is then determined through the process of 
type classification based on the characteristic values and number of detected 
comers. Finally, the process of point generation produces certain points on the 
boundary ofthe blob for actual drawing. Two sets of data are needed for this. One 
set contains the boundary data points and the other the points for filling up the 
inside with straight lines of the desired color. A C program is written to work with 
the robot ACL program to send these data to the controller. The robot then went 
through the sequence of picking up a pen of the color in mind moving on to the 
drawing board, and first drawing the boundary of the blob, and then finally 
straight lines to fill up the inside. 
The major processes are described, with illustrated examples, in this thesis. 
The programs are given in Appendix. The major hardware problem encountered 
in this work is the curved work space of the robotic system, which was remedied 
by incorporation of spring pocket on the robot hand and compliance springs under 
the drawing board. Overall, the performance of output is reasonable as a first 
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attempt. The work is a good opportunity to integrate various aspects of the fields 
ofImage Processing, Robotics and Mechanical Design. 
Future works to follow up include: 
(a) Image Capture 
Illumination in the surrounding tums out to have great impact on the image 
captured by a CCD. A controlled environment for capturing image is hence 
recommended. 
(b) Color Segmentation 
The present project uses quite simple membership functions for rule-based 
method. At times, due to the continuous change of colors on an object's surface 
under illumination, distinct regions may be extracted from actual parts ofthe same 
object. On the other hand, adjacent extracted regions of different objects with 
similar texture may be mistaken to be the same object. A set of sophisticated 
membership functions would generate better effects. 
(c) Shape Recognition 
The threshold values for the process of comer detection is determined in this 
work by trial and error. One may attempt other fuzzy logic based method, e.g., 
Otsu's Thresholding Method [7], Huang and Wang's method [8], for such 
determination. 
(d) Drawing 
The robot system should be improved. Its controller should be able to 
communicate with high-level computer language, e.g., C rather than ACL. If the 
robot controller could handle a data file instead of one data at a time, the RS-232 
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cable can be eliminated. The use of this cable and running two programs at the 
same time makes the programming very complicated and time consuming. The 
other improvements include accommodation of more colors in drawing and a flat 


























V . 、• 
/* Source MIL image file specifications. •/ 
#define IMAGE_WIDTH 400L 
#define IMAGE—HEIGHT 300L 
#define IMAGE_BAND 3L 
#define IMAGE_DEPTH 8L 
#define IMAGE_FILE "grabn.tif" 
#define THRESHOLD 128L 
#define division . 256 
#define out_l 0 
#define out_2 _ 1 
#define out_3 '' 2 
#define out_4 6 
#define out_5 11 
#define out_6 4 
#define out_7 6 
#define out_8 6 
#define out_9 5 
#define out_10 8 
#define out_ll 8 
#define out_12 3 
#define out_13 9 
#define out_14 9 
#define out_15 3 
#define out_16 6 
#define out_17 6 
#define out_18 5 
#define out_19 7 
#define out_2 0 7 , 
#define out_21 8 
#define out_22 7 
#define out_23 7 
#define out_24 8 
#define out_2 5 7 
- #define cJut_2 6 7 




MILi_ID MilApplication, /* Application identifier. */ 
MilSystem, /* System identifier. */ 
MilDisplay, /* Display identifier. */ 
MilImage, /* Image buffer identifier. •/ 
MilImagel, 
MilCamera, 
M i l S u b I m a g e O , /* S u b - i m a g e b u f f e r i d e n t i f i e r 
for s o u r c e i m a g e . */ 
M i l S u b I m a g e l , /* S u b - i m a g e b u f f e r i d e n t i f i e r 
..for c o p i e d i m a g e . */ 
‘ M i l S u b I m a g e 2 , /* S u b - i m a g e b u f f e r i d e n t i f i e r 
for c o p i e d i m a g e . */ 
M i l S u b I m a g e 3 ; /* S u b - i m a g e b u f f e r i d e n t i f i e r 
* for c o p i e d i m a g e . */ ‘ 
long IjnageSizeX, /* I m a g e w i d t h . */ 
I m a g e S i z e Y ; /* Image h e i g h t . •/ 
long m e m _ x O O , m e m _ x l O , m e m _ y O O , m e m _ y l O , m e m _ z 0 0 , mem^^_z 10 , 
mem_0 0 0 , 、‘. 
m e m _ 0 01, m e m _ 0 1 0 , m e m _ 0 1 1 , m e m _ 1 0 0, m e m _ 1 0 1 , 
m e m _ 1 1 0 , m e m _ l l l , , 
X, y , z, k； 
int t e m p _ b , t e m p _ r , temp_g, i, j ; 
char temp_char； 
u n s i g n e d c h a r a r r r [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r r b [ I M A G E _ H E I G H T ] [ I M A G E _ W ! D T H ] ; 
u n s i g n e d c h a r a r r g [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r O [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g O [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] , . 
u n s i g n e d c h a r a b O [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r l [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g l [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a b l [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 2 [ I M A G E - H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g 2 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a b 2 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 3 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g 3 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a b 3 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 4 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g 4 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a b 4 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 5 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g 5 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a b S [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 6 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g S [ I M A G E _ H E I G H T ] [IMAGE_WIDTH]; •• 
u n s i g n e d c h a r a b 6 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d char a r 7 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g 7 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a b 7 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 8 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d char a g 8 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d char a b 8 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a r 9 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d char a g 9 [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r ab9[IMAGE__HEIGHT][IMAGE_WIDTH]; 
u n s i g n e d char a r l O [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d c h a r a g l O [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
u n s i g n e d char a b l O [ I M A G E _ H E I G H T ] [ I M A G E _ W I D T H ] ; 
f o r ( i = 0 ; i < I M A G E _ H E I G H T ; i + + ) 
{ 
f o r ( j = 0 ; j < I M A G E _ W I D T H ; j + + } 
{ 
a r O [ i ] [j]= 0； 
.‘ agO [i] [j ] = 0； 
a b O [ i ] [j]= 0； 
a r l [ i ] [j]=0； 
_ a g 1 [ i ] [ j]=0； 
“ abl[ i ] [ j ] = 0； 、 
a r 2 [ i ] [j]=0; 
ctg2 [i] [j] =0； 
a b 2 [ i ] [ j ] = 0 ; 
a r 3 [ i ] [j]=0； , 
ag3 [i] [j]=0; ’':、， 
ab3 [i] [j]=0; 、: 
a r 4 [ i ] [j]=0； 
a g 4 [ i ] [j]=0; 
a b 4 [ i ] [j]=0; 
a r 5 [ i ] [j]=0； 
a g 5 [ i ] [j]=0; 
a b 5 [ i ] [ j ] = 0 ; 
a r 6 [ i ] [j]=0; 
a g 6 [ i ] [j]=0； 
a b 6 [ i ] [j]=0; 
a r 7 [ i ] [ j ] = 0 ; 
a g 7 [ i ] [ j]=0； 
a ^ 7 [ i ] [j]=0; 
a r 8 [ i ] [j]=0； 
a g 8 [ i ] [ j ] = 0 ; 
a b 8 [ i ] [j]=0； 
a r 9 [ i ] [ j ] = 0 ; 
a g 9 [ i ] [ j ] = 0 ; 
ab9[i][j]=0； 
a r l O [ i ] [j]=0; 
a g l O [ i ] C j ] = 0 ; 
a b l O [ i ] [ j ] = 0 ; 
} 
} 
/* A l l o c a t e d e f a u l t s . */ 
M a p p A l l o c D e f a u l t ( M _ S E T U P , & M i l A p p l i c a t i o n , & M i l S y s t e m , 
& M i l D i s p l a y , 
& M i l C a m e r a , &MilImage)； 
•• 
/* F i n d t h e b e s t size for the d i s p l a y image d e p e n d i n g on the d i s p l a y 
t y p e . */ 
if ( M d i s p I n q u i r e ( M i 1 D i s p 1 a y , M _ D I S P _ M O D E , M _ N U L L ) = = M _ W I N D O W E D ) 
{ 
ImageSizeX- = IMAGE_WID.TH * 2; 
I m a g e S i z e Y ' = I M A G E _ H E I G H T * 2; 
} 
e l s e 
{ 
/* T h e s i z e of the e n t i r e d i s p l a y to a v o i d p o s s i b l e d i s p l a y a r t i f a c t . 
*/ 
I m a g e S i z e X = m i n ( M d i s p I n q u i r e ( M i l D i s p l a y , M _ S I Z E _ X , M _ N U U j ) , 
M_DEF_IMAGE_S工 ZE_X_MAX)； 
I m a g e S i z e Y = n d n ( M d i s p I n q u i r e ( M i l D i s p l a y , M _ S I Z E _ Y , M _ N U L L ) , 
M _ D E F _ I M A G E _ S I Z E _ Y _ M A X )； 
} } 
" A l l o c a t e a c o l o r d i s p l a y image b u f f e r to p e r f o r m p r o c e s s i n g in i t . 
.‘ */ 
M b u f A l l o c C o l o r ( M i l S y s t e m , 
IMAGE—BAND, 
I m a g e S i z e X , 
- I m a g e S i z e Y , ’ 
.‘ I M A G E _ D E P T H + M _ U N S I G N E D , 
M_IMAGE+M_DIS>P+M_PROC, 
&MilImagel)； 
/* C l e a r the i m a g e b u f f e r . */ ，‘'< 
M b u f C l e a r { M i l I m a g e l , OL)； 、 
/* D i s p l a y the i m a g e b u f f e r . */ .-
M d i s p S e l e c t ( M i l D i s p l a y , M i l I m a g e l ) ; ‘ 
/* D e f i n e 2 s u b - i m a g e b u f f e r s in the d i s p l a y b u f f e r , r e s t r i c t i n g t h e 
w o r k r e g i o n s to the image size.*/ 
M b u f C h i l d 2 d ( M i l I m a g e l , OL, OL, IMAGE—WIDTH, I M A G E _ H E I G H T , 
•ScMilSublniageO); 
M b u f C h i l d 2 d ( M i l I m a g e l , IMAGE__WIDTH, OL' I M A G E _ W I D T H ' 
I M A G E _ H E I G H T , 
&MilSubImagel)； 
MbufChii'd2d(MilImagel, OL, I M A G E _ H E I G H T , I M A G E _ W I D T H ' 
I M A G E _ H E I G H T , 
&MilSubImage2)； 
M b u f C h i l d 2 d ( M i l I m a g e l , I M A G E _ W I D T H , I M A G E _ H E I G H T ' I M A G E _ W I D T H ' 
I M A G E - H E I G H T , 
& M i l S u b I m a g e 3 ) ; 
/ • G r a b an image.*/ 
M d i g G r a b ( M i l C a m e r a , M i l I m a g e ) ; 
Printf(、、An image h a s b e e n g r a b b e d . "\n)； 
Printf(、、Press < E n t e r > to end g r a b b i n g . " ) ; 
G e t c h a r { ) ; 
M b u f S a v e ( I M A G E _ F I L E , M i l I m a g e )； 
M b u f L o a d ( I M A G E _ F I L E , M i l I m a g e ) ; 
M b u f C o p y ( M i l I m a g e , M i l S u b I m a g e O ) ; -• 
M b u f G e t C o l o r ( M i l S u b I n i a g e O , M _ S I N G L E _ B A N D , M _ R E D , a r r r ) ; 
M b u f G e t C o l o r ( M i l S u b I m a g e O , M _ S I N G L E _ B A N D , M _ B L U E , arrb)； 
M b u f G e t C o l o r ( M i l S u b I n i a g e O , M _ S I N G L E _ B A N D , M _ G R E E N , a r r g ) ; 
/* f o r ( i = 0 ; i < I M A G E - H E I G H T ; i + + ) 
{ 
for(j = 0；j<IMAGE_WIDTH;j++) 
{ 
temp_r= arrr[i] [j]-arrg[i] [j]-arrb[i] [j]; 
temp_b= a r r b [ i ] [ j ] - a r r g [ i ] [ j ] - a r r r [ i ] [ j ] ; 
temp_g= a r r g [ i ] [ j ] - a r r b [ i ] [ j ] - a r r r [ i ] [ j ] ; 
if{ t emp__r<3 0 &： & t emp_b< 0 &： S： t emp_g < 0} 
{ 
arrr[i][j]=0; 
a r r b [ i ] [ j ] = 0 ; 
a r r g [ i ] [ j 1= 0 ; 
a r r [ i ] [j]二0; 
} 
. e l s e i f ( t e m p _ r > 3 0) 
{ 
a r r r [ i ] [ j ] = 2 5 5 ; 
a r r b [ i ] [ j ] = 0 ; 
- a r r g [ i ] [ j ] = 0 ; ‘ 
‘ a r r [ i ] [ j ] - l ; 
“ } 
e l s e i f ( t e m p _ b > 0 ) 
{ . 
a r r r [ i ] [j]=0; /;、 
a r r b [ i ] [j]=255; 、、: 
a r r g [ i ] [j]=0; 
a r r [ i ] [j ] =2 ； ,, 
} ‘ 
,• 
e l s e 
{ 
a r r r [ i ] [j]=0; 
a r r b [ i ] [ j ] = 0 ; 
a r r g [ i ] [ j ] = 2 5 5 ; 





f o r ( i = 0 ; i < I M A G E _ H E I G H T ; i + + ) 
{ 
f o r ( j 二 0；j <IMAGE_WIDTH；j ++) 
( 
if (arrr [i] [ j ] < T H R E S H O L D && a r r g [i] [ j ] < T H R E S H O L D &Sc 
a r r b [ i ] [ j ] < T H R E S H O L D ) 
{ 
X = a r r r [ i ] [ j ] / d i v i s i o n ; 
y = a r r g [ i ] [ j ] / d i v i s i o n ; 
z = a r r b [ i ] [ j ] / d i v i s i o n ; 
m e m _ x O 0 = 1 - x; 
m e m _ x l O = 1 - m e m _ x O O ; 
m e m _ y O 0 = 1 - y; 
m e m _ y l 0 = 1 - m e m _ y O O ; ‘ 
m e m _ z 0 0 = 1 - z; 
m e m _ z 1 0 二 1 - m e m _ z O O ; 
m e m _ 0 0 0 = m e m _ x O 0 *mem_yO 0 * m e m _ z 0 0 ； 
m e m _ 0 01 = m e m _ x O 0 *mem_yO 0 *mem_z 10 ； 
m e m _ 0 1 0 = m e m _ x O 0 * m e m _ y l 0 * m e m _ z 0 0 ； - -
m e m _ 0 1 1 = m e m _ x O 0 * m e m _ y l 0 *mem_z 10 ; 
m e m _ l 0 0 = m e m _ x l 0 *mem__yO 0 * m e m _ z 0 0 ； 
m e m _ 1 0 1 = m e m _ x l 0 *mem_yO 0 *mem_z 10 ； 
m e m _ l 10 = m e m _ x l 0 *mem_yl 0 * m e m _ z 0 0 ； 
m e m _ l l l = m e m _ x l 0 *mem_yl0 *mem_z 10 ； 
k = m e m _ 0 0 0 * o u t _ l + m e m _ 0 01 * out_l 0 + m e m _ 0 1 0 • o u t _ 4 + m e m _ 0 1 1 * out_13 + 
m e m _ l 0 0 • ou t_2 + m e m _ l 01 * o u t _ l 1+mem_l 10 • ou t_5 + m e m _ l 11 * ou t_l 4 
} 
e l s e if (arrr [ i ] [ j ] < T H R E S H O L D && a r r g [ i ] [ j ] < T H R E S H O L D S=& 
._ arrb[i][j]>=THRESHOLD) 
{ 
X = a r r r [ i ] [ j ] / d i v i s i o n ; 
y = a r r g [ i ] [ j ] / d i v i s i o n ; 
- Z = (arrb[i][j]_THRESHOi:jD)/division; , 
BRem_xOO = 1 - X; 
m e m _ x l O = 1 - m e m _ x O O ; 
m e m _ y O 0 = 1 - y; : 
m e m _ y l O = 1 - m e m _ y O 0 ； ’'.‘、 
m e m _ z 0 0 = 1 - z； 、 
m e m _ z l O = 1 - m e m _ z O O ; 
m e m _ 0 0 0 = m e m _ x O 0 *mem_yO 0 * m e m _ z 0 0； 
m e m _ 0 01 = m e m _ x O 0 *mem_yO 0 * m e m _ z 10 ； 
m e m _ 0 1 0 = m e m _ x O 0 * m e m _ y l 0 * m e m _ z 0 0 ； 
m e m _ 0 1 1 = m e m _ x O 0 * m e m _ y l 0 * m e m _ z 10 ； 
m e m _ l 0 0 = m e n u x l O * m e m _ y O O * m e m _ z O O ; 
m e m _ l 01 = m e m _ x l 0 *mem_7O 0 * m e m _ z 10 ; 
m e m _ 1 1 0 = m e m _ x i 0 * m e m _ y l 0 * m e m _ z 0 0 ; 
m e m _ l l l = m e m _ x l O * m e m _ y l 0 * m e m _ z 10 ； 
k = m e m _ 0 00 * ou t_l 0 +mem_0 01 * o u t _ l 9 + m e m _ 0 1 0 * out_13 + m e m _ 0 1 1 * ou t_2 2 + 
m e m _ l 0 0 * ou t _ l 1 + m e m _ l 01 * ou t_2 0 + m e m _ l 10 * o u t _ l 4 + m e m _ l 11 * out_2 3 
> 
e l s e if ( a r r r [ i ] [ j ] < T H R E S H O L D && a r r g [ i ] [ j ] > = T H R E S H O L D && 
a r r b [ i ] [ j ] < T H R E S H O L D ) 
{ 
X = a r r r [ i ] [ j ] / d i v i s i o n ; 
y = ( a r r g [ i ] [ j ] - T H R E S H O L D ) / d i v i s i o n ; 
z = a r r b [ i ] [ j ] / d i v i s i o n ; 
m e m _ x O 0 = 1 - x； 
m e m _ x l O = 1 - m e m _ x O O ; 
niem_yO 0 = 1 - y； 
m e m _ y l O = 1 - mem__yOO; 
m e m _ z 0 0 = 1 - z; 
m e m _ z l O = 1 - m e m _ z 0 0； ‘ 
mem_0 0 0 = mem_xO 0 *mem_yO 0 *mem_z 0 0 ； 
mem_0 01 = mem_xO 0 *mem_yO 0 *mem_z 10 ； 
m e m _ 0 1 0 = m e m _ x 0 0 *mem__yl 0 *mem_z 0 0 ； 
mem_011 = mem_xO 0 *mem_yl 0 *mem_z 10 ； 
“ mem_10 0 = mem_xlO *mem_yO 0 *mem_^z 0 0 ； 
mem_l 01 = mem_xl 0 *mem_yO 0 *mem_z 10 ； 
m e m _ l 10 = m e m _ x l 0 * m e m _ y l 0 *mem_z 0 0 ; 
merti_l l l = mem_xl 0 *mem_yl 0 *mem_z 10 ； 
k = m e m _ 0 0 0 * out_4+mem_0 01 * ou t_l 3 +mem_010 * out_7 + m e m _ 0 1 1 * o u t _ l 6 + 
m e m _ l 0 0 * o u t _ 5 + m e m _ l 01 * ou t_l 4 +mem_l 10 * o u t _ 8 + m e m _ l 11 * ou t_17 
} 
else if (arrr[i][j]<THRESHOLD && a r r b [ i ] [ j ] > = T H R E S H O L D && 
a r r g [ i ] [ j ] > = T H R E S H O L D ) 
{ 
X = a r r r [ i ] [ j ] / d i v i s i o n ; 
y = ( a r r g [ i ] [ j ] - T H R E S H O L D ) / d i v i s i o n ; 
.. z = (arrbb[i] [j] - T H R E S H O L D ) / d i v i s i o n ; 
m e m _ x O O = 1 - x; 
m e m _ x l O 二 1 一 m e m _ x O O ; 
- niem_j/0 0 = 1 - y； , 
m e m _ y l O = 1 - mem_yO 0； 
m e m _ z 0 0 = 1 - z； 
m e m _ z 1 0 = 1 - m e m _ z 0 0; 
mem_0 0 0 = mem_xOO*mem_yOO*mem_zOO; ’:（、 
m e m _ 0 01 = m e m _ x O O * m e m _ y O O * m e m _ z l O ; 、 
m e m _ 0 1 0 二 m e m _ x O 0 *mem_yl 0 *mem_z 0 0 ； 
m e m _ 0 1 1 = mem_xOO*meni_ylO*mem_zlO; , 
m e m _ 1 0 0 二 m e m _ x l O *mem_ji^O 0 *mem_z 0 0 ； 丨 
m e m _ 1 0 1 = m e m _ x l 0 *mem_yO 0 *mem_z10； 
m e m _ 1 1 0 = m e m _ x l 0 *mem_yl 0 *mem_z 0 0 ; 
m e m _ l l l = m e m _ x l O *mem_yl 0 *mem_z 10 ; 
k = m e m _ 0 0 0 * out_l 3 +mem_0 01* out_2 2 +mem_010 * o u t _ l 6 + m e m _ 0 1 1 * o u t _ 2 5 + 
mem_l00* out_l4 +mem_l01* o u t _ 2 3 + m e m _ l 1 0 * o u t _ 1 7 + m e m _ l 1 1 * o u t _ 2 6 
} 
e i s e i f ( a r r r [ i ] [ j ] > = T H R E S H O L D && a r r g [ i ] [ j ] < T H R E S H O L D && 
a r r b [ i ] [ j ] < T H R E S H O L D ) 
{ 
X = (arrr[i][j]-THRESHOLD)/division； 
y = a r r g [ i ] [ j ] / d i v i s i o n ; 
z = a r r b [ i ] [ j ] / d i v i s i o n ; 
m e m _ x O O = 1 - x; 
mem_xlO = 1 - mem_xOO; 
mem_yO 0 = 1 - y; 
mem_ylO = 1 - mem_yO 0 ; 
m e m _ z 0 0 = 1 - z ; 
m e m _ z 1 0 = 1 - mem_zOO; 
mem_0 0 0 = mem_xO 0 *mem_yO 0 *mem_z 0 0 ; 
mem_0 01 = m e m _ x O 0 *mem_yO 0 *mem_z 10 ； 
mem_010 = mem_xO 0 *mem_yl 0 *mem_z 0 0 ； 
m e m _ 0 1 1 = m e m _ x O 0 *mem_yl 6 *mem_z 10 ； •‘ 
mem_100 = menL_xlO*mem_yOO*mem_zOO; 
m e m _ l 01 = mem_xlO *mem_yO 0 *mem_z 10 ； 
m e m _ l 10 = mem_xlO *mem_yl 0 *mem_z 0 0 ； 
m e m _ l 11 = mera_xlO *mem_yl0 *mem_z 10 ； 
k=mem_0 0 0 * out_2 +mem_0 01 * ou t_l 1 +mem_010 * out_5 + m e m _ 0 1 1 * out_14 + 
m e m _ l 0 0 * o u t _ 3 + m e m _ l Q 1 * o u t _ l 2 + m e m _ l 1 0 * o u t _ 6 + m e m _ l 1 1 * o u t _ l 5 
} 
else if {arrr[i][j]>=THRESHOLD && a r r g [ i ] [ j ] < T H R E S H O L D && 
a r r b [ i ] [ j ] > = T H R E S H O L D ) 
{ 
X = ( a r r r [ i ] [ j]-THRESHOLD) / d i v i s i o n； 
y = arrg[i][j]/division; 
z = (arrb[i][j]-THRESHOLD)/division； 
mem_xOO 二 1 - x; 
mem_xlO 二 1 一 msm—xOO; 
mem_yOO = 1 - y; 
.. mem_y^lO = 1 - mem_yOO; 
m e m _ z 0 0 = 1 - z ； 
mem_z10 = 1 - mem_z 0 0; 
‘ raem_000 二 mem_xOO*mem_yOO*mem_zOO; ， 
mem_0 01 = mem_xO 0 *mem_yO 0 *mem_z 10； 
Pftem_010 = mem_xO 0 *mem_yl 0 *mem_z 0 0 ; 
m e m _ 0 1 1 = mem_xO 0 *mem_ylO *mem_z 10 ; 
mem_10 0 = mem_xlO *mem_yO 0 *mem_z0 0 ； , 
m e m _ l 0 1 = mera_xlO*mem_yO0*mem_z 10 ； •::、 
mem_110 = mem_xlO *mem_yl0 *mem_z 0 0； 、 
m e m _ l 11 = mem_xl 0 *mem_yl 0 *mem_z 10 ； 
k=mem_0 0 0 * out_l 1+mem_0 01 * out_2 0 +mem_010 * oiit_l 4+mem_011 * out_2 3 + 
m e m _ l 0 0 * out_12+mem_ l 01 • out_21 +mem_l 10 * out_l 5 +mem_l 11 * out_2 4 
} 




X.,= (arrr[i] [j] -THRESOLD) /division; 
y'= (arrg[i][j]-THRESHOLD)/division； 
z = arrb/division; 
mem_xOO = 1 - x; 
mem_xlO = 1 - mem_xOO; 
mem_^0 0 = 1 - y； 
mem_ylO = 1 - mem_yO 0 ； 
m e m _ z 0 0 = 1 - z； 
mem_z10 = 1 - mem_z00; 
mem_0 0 0 = menv_xOO*mem_yOO*niem_zOO; 
mem__0 01 = mem_xO 0 *mem_yO 0 *mem_z 10 ； 
mem_010 = mem_x0 0 *mem_yl 0 * m e m _ z 0 0 ; 
m e m _ 0 1 1 = mem_xO 0 *mem__yl 0 *mem_z 10 ; 
mem_l 0 0 = mem_x 10 *mem_yO 0 *meni_z 0 0 ； 
mem_l 01 = mem_xlO *mem_yO 0 *mem_z 10 ； 
mem_l 10 = mem_xl 0 *mem_yl 0 *mem__z 0 0 ； 
m e m _ l 11 = mem_xl 0 *mem_yl 0 *raem_z 10 ；-' 
k=mem_0 0 0 * out_5 +mem_0 01 * ou t_l 4+mem_010 * ou t_8 +mem_011 * ou t_17 + 
mem_l 0 0 * ou t_6 +mem_l 01 * out_l 5 +mem_l 10 • out_9 +mem_l 11 • out_l 8 
} - -




X = (arrr[i] [j]-THRESHOLD)/division； 
y = (arrg[i][j]-THRESHOLD)/division； 
z = (arrb[i][j]-THRESHOLD)/division; 
mem_xOO = 1 - x; 
mem_xlO = 1 - niem_xOO; 
mem_yO 0 = 1 - y； 
•:”： 
m e m _ y l O = 1 - m e m _ y O O ; 
m e m _ z O O = 1 - z; 
m e m _ z 1 0 = 1 - m e m _ z O O ; 
•I 
m e m _ 0 0 0 = m e m _ x O 0 *mem_yO 0 * m e m _ z 0 0； 
m e m _ 0 01 = m e m _ x O 0 *mem_yO 0 *mem_z10； 
m e m _ 0 1 0 二 m e m _ x O 0 *mem_ylO * m e m _ z 0 0； 
“ raem_011 = mem _ x O O * m e m _ y l Q * m e m _ z l O ; ， 
m e m _ 1 0 0 = mem__xlQ*mem_Ji^C)0*mem_z0 0,-
m e m _ 1 0 1 = m e m _ x l 0 *mem_yO 0 *mem_z10； 
m e m _ 1 1 0 = m e m _ x l O *mem_Ji^l 0 * m e m _ z 0 0 ； 
m e m _ l l l = m e m _ x l 0 * m e m _ y l 0 * m e m _ z 10 ； •• 
•‘ 
V ' . > 
k = m e m _ 0 0 0 * o u t _ l 4 + m e m _ 0 01 *out_23 + m e m _ 0 1 0 * o u t _ 1 7 + m e m _ 0 1 1 * o u t _ 2 6 + 
m e m _ l 0 0 * o u t _ l 5 + m e m _ l 0 1 * o u t _ 2 4 + m e m _ l 1 0 * o u t _ l 8 + m e m _ l 1 1 * o u t _ 2 7 ‘ 
— " } .. 
if ( k - f l o o r ( k ) > = 0 . 5 ) 
k = c e i l ( k ) ; 
e l s e 
k = f l o o r ( k ) ; 
if (k=0) 
{ 
a r O [ i ] [ j ] = 0 ; 
a g O [ i ] [ j ] = 0 ; 
a b O [ i ] [j]=0; 
} 
e l s e if (k=l) 
{ 
a r l [ i ] [j]=128; 
a g l [ i ] [ j ] = 0 ; 
a b l [ i ] [j]=0; 
> 
e l s e if {k=2) 
{ 
a r 2 [ i ] [ j ] = 2 5 5 ; 
a g 2 [ i ] [j]=0; 
a b 2 C i ] C j ] = 0 ; 
> 
e l s e if (k=3) 
{ 
a r 3 [ i ] [ j ] = 2 5 5 ; ‘ 
a g 3 [ i ] [ j ] = 0 ; 
a b 3 [ i ] [j]=128; 
> 
e l s e if (k=4) 
{ 
ar4[i] [j]=255; 
a g 4 [ i ] [ j ] = 1 2 8 ; 
ab4[i] [j]=0; 
} 






e l s e if {k=6) 
{ 
.^ : 
a r 6 [ i ] [j]=0; 
a g 6 [ i ] [j]=255; 
a b 6 [ i ] [j]=0; 
,. > 
e l s e if (k=7) 
{ 
a r 7 [ i ] [j]=0; 
- ag7[i] [j]=0; , 
ab7[i] [j]=255; 
). 
e l s e if (k=8) 
{ 
a r 8 [ i ] [j]=255; ,、， 
ag8[i] [j]=0; 、： 
ab8[i] [j]=255; 
> -




a b 9 [ i ] [ j ] = 1 2 8 ; 
} 
e l s e 
{ 
arlO[i] [j]=255; 





M b u f P u t C o l o r { M i l S u b I m a g e l , M _ S I N G L E _ B A N D , M _ R E D , a r l )； 
M b u f P u t C o l o r ( M i l S u b I m a g e l , M _ S I N G L E _ B A N D , M _ G R E E N , a g l )； 
M b u f P u t C o l o r ( M i l S u b I m a g e l , M _ S I N G L E _ B A N D , M _ B L U E , a b l ) ; 
p r i n t f ("Press <Enter> to exit. |n_.); 
getchar()； 
/* R e l e a s e s u b i m a g e s a n d color image b u f f e r . */ 
M b u f F r e e ( M i l S u b I m a g e 3 )； 
M b u f F r e e ( M i l S u b I m a g e 2 ) ; 
MbufFree(MilSubImagel)； 
MbufFree(MilSubImageO)； 
M b u f F r e e ( M i l I m a g e l ) ; ‘ 
/* R e l e a s e d e f a u l t s . */ 
M a p p F r e e D e f a u l t ( M i l A p p l i c a t i o n , M i l S y s t e m , M i l D i s p l a y , 




d a t a = r a n d ( 7 0 00,3); 
.• [ c e n t e r , U , o b j _ f c n ] = f c m ( d a t a , 2); 
% r e a r r a n g e the c e n t e r to g e t cen 
- [r,g,b] = -tiffread( 'boy5.tif')； ， 
[x,map] = r g b 2 i n d ( r , g , b , 6 4 ) ; ^ 
% [ r , g , b ] = t i f f r e a d ( ' m a r 4 f g . t i f ' ) ; 
% [ x , m a p ] = r g b 2 i n d ( r , g , b , 6 4 ) ; ,: 
c o m O n ; ^ 'v. 
> 
c o m l ; 
% c o m 2 ; . 
c l e a r b； 
c l e a r b l e ; 
c l e a r blk； 
c l e a r c e n ; ’ 
c l e a r c e n l ; 
% c o l l ; 
c l e a r c o l 2 ; 
c l e a r d i s ; . 
c l e a r g; 
c l e a r g r n ; 
c l e a r gry； 
c l e a r i； 
c l e a r j； 
c l e a r k; 
c l e a r m a p ; 
c l e a r m i n d l ; 
c l e a r m i n d 2 ; 
c l e a r mmap； 
c l e a r r； 
c l e a r red； 
% rowl； 
c l e a r row2； 
c l e a r wht； 
c l e a r x ; 
c l e a r x l ; 
c l e a r y e w ; ‘ 
% x e m a c s t t 2 8 b . m & 
m a r 3 f 2 b ; 
m a r 3 f 2 b k ; 
m a r 3 f2g； 
m a r 3 f 2 g y ; 
m a r 3 f 2 r ; 
m a r 3 f 2 y ; 
first2 
Coml,m 
[ r o w l , c o l l ] = s i z e ( x ) ; 
•• [row2 , col2] = s i z e (map); 
% S e c o n d section： C o m p a r e w i t h the s t a n d a r d c o l o r s 
c e n = [ 0 . 4 5 5 4 0.3255 0.0855 
. 0,3415 0.0283 0.9791 
0.9508 0.9027 0.9029 ‘ 
0.1579 0 . 9 0 1 1 0.9015 
a.3103 0 . 8 2 6 1 0.8268 
0.6154 0.8883 0.8350 
0.4911 0 . 0 0 7 1 0.7297]； / 
% black(l) ,white{2) ,red(3) ,yellow{4) ，'‘<;、 
% g r e e n { 5 ) , b l u e ( 6 ) , g r e y ( 7 ) 
c e n l = h s v 2 r g b ( c e n ) ; 






e n d 




% G e n e r a t e a n e w colormap “mmap“ 
for k=l：row2 
for i=l:3 
if m i n d 2 ( k ) - = l 
m m a p ( k , i ) = c e n l ( 1 , i ) ; 
elseif m i n d 2 ( k ) = = 2 
mmap{k,i)=cenl(2,i)； 
elseif m i n d 2 { k ) = = 3 
m m a p { k , i)=cenl(3,i)； 
elseif m i n d 2 ( k ) = = 4 
nunap{k, i) = c e n l (4, i)； 
elseif m i n d 2 ( k ) = = 5 
mmap(k,i)=cenl(5,i)； 
elseif mind2{k) ==6 
m m a p { k , i ) = c e n l ( 6 , i)； 
else mmap(k,i)=cenl(7,i)； 





















- % C r e a t e s e v e n colors_ image files 
% G e n e r a t e c o l o r b l a c k “xbk“ 
x b k = z e r o s { r o w l , c o l l )； 
. for i = l : s i z e ( b l k , 2 ) 
for • j = l：rowl ‘ 
for k=l：coll 
“ if x ( j , : < ) = : b l M i ) - l 
x b k ( j , k ) = l ; 
end / 




% G e n e r a t e c o l o r w h i t e "xw" 
% x w = z e r o s ( r o w l , c o l l ) ; 
% for i = 1 ： si ze (wht:, 2 ) 
% f o r j = l：rowl 
%for k = l : c o l l 
%if x ( j , k ) = = w h t ( i ) - l 
% x w ( j , k ) = l ; 
% e n d 
% e n d 
% e n d 
% e n d .. 
% G e n e r a t e c o l o r red "xr" 
x r = z e r o s ( r o w l , c o l l ) ; 
for i = l：size ( red,2) 
for j = 1：rowl 
for k = l : c o l l 






% G e n e r a t e c o l o r y e l l o w ‘xy" 
x y = z e r o s ( r o w l , c o l l )； 
for i=l：size(yew,2) 
for j = 1：rowl 
for k=l：coll 
if X(j,k)==yew(i)-1 
xy ( j • k) = 1 ； ‘ 
end 
end 
e n d 
end 
%Gep.erate color green “ xg “ 
x g = z e r o s ( r o w l , c o l l ) ; • 
for i = l : s i z e ( g r n , 2 ) 
for j=1：rowl 
for :<= 1 ： col 1 
i f X(j•k)= = grn(i ) -1 





%Generat:e color blue 'xb' 
x b = 2 e r o s ( r o w l , c o l l )； 
for i = l : s i z e ( b l e , 2 ) 
for j = l:rov;l 
for k = l : c o l l 




* e n d ， 
* .. 
end 
% G e n e r a t e j3olor g r e y "xgy, 
x g y = z e r o s ( r o w l , c o l l ) ; 
for i = l : s i z e ( g r y , 2 ) : 
for j = l ： rowl > '^ , 
for k = l : c o l l 、 








% t h i s file is u s i n g x b as image file for p r o c e s s i n g 
•• % f i r s t , c h e c k the n u m b e r of label (objects) 
% s e c o n d , c h e c k the a r e a 
• i s y = i s e m p t y ( f i n d ( x b = = l ) ) ; 
if i s y ~ = l • . 
f i d = f o p e n ( ' x b l p . t x t ' , 'w'); 
[ a , D ] = s i z e ( x b ) ; 
b w b = b w l a b e l ( x b ) ; 
i f m a x (max (bwb) ) ==1 ，•、;-
eur=bweuler(xb)； 
if e u r = = l 
[x,y, z ] = s u b A ( x b , 2 , 0 .5)； 
z=10000 + 1000*z; .. 
w o b %call a n o t h e r m a t l a b file 
else 
s t l = i m f e a t u r e ( x b , ‘ all‘); 
A a l = s t l . A r e a ; 
FAl=stl.FilledArea;“ 
x O = r o u n d ( s t l . B o u n d i n g B o x ( 1 ) ) ; 
y O = r o u n d { s t l . B o u n d i n g B o x ( 2 ) )； 
u u = b w f i l l { x b , 'hole')； 
.. [x,y, z ] = s u b A { d o u b l e (uu) ,2, 0.5) ； % s t a n d a r d 
s h a p e t e s t 
if A a l / F A 1 > 0.95 
z = 1 0 0 0 0 + 1 0 0 0 * z ; 
w o b %call a n o t h e r m a t l a b file 
else 
%handle the h o l l o w p a r t 
T T = d o u b l e ( s t l . F i l l e d I m a g e ) -
d o u b l e ( s t l . I m a g e )； 
%figure; 
% i m s h o w ( T T ) ; 
%to find the n u m b e r of o b j e c t s 
b w T T = b w l a b e 1 ( T T ) ; 
[al,bl]=size(TT); 
%if there is m o r e than o n e o b j e c t , 
h a n d l e o n e b y one 
if m a x ( m a x { b w T T ) ) ==1 
m a t l c ; • 
elseif max(max(bwTT)") ==2 
m a t 2 c ; 
elseif m a x ( m a x { b w T T ) ) ==3 




e n d 
















if imla>2 0 
- if eu==l > 
• • [x,y,z]=subA(iml'2'0.5)；%standard 
shape test *-
z=10000+1000*z; 
w o b %call another m a t l a b file 
elseif eu<l ，,:. 
st2 = i m f e a t u r e ( i n a , i a l l ' ) ; 、;: 
A a 2 = s t 2 . A r e a ; 
F A 2 = s t 2 . F i l l e d A r e a ; , 
xO=round(st2.BoundingBox(l))； 
y O = r o u n d ( s t 2 . B o u n d i n g B o x ( 2 ) ) ; 
u u l = b w f i l l ( i m l , ' h o l e ' ) ; 
[ x , y , z ] = s u b A ( d o u b l e ( u u l ) , 2 , 0.5); 
% s t a n d a r d shape test 
- i f Aa2/FA2 > 0.98 
z=10000 + 1000*z,. 
w o b %call a n o t h e r m a t l a b 
file . 
else 
%handle the h o l l o w p a r t 
T T = d o u b l e { s t 2 . F i l l e d I m a g e ) -
d o u b l e ( s t 2 • I m a g e ) ; 
%figure; 
%imshow{TT>; 
%to find the number of 
obj ects 
b w T T = b w l a b e l ( T T ) ; 
[al,bl]=size(TT); 
%if there is m o r e than one 
object, h a n d l e one b y one 
if m a x { m a x ( b w T T ) ) ==1 
matlc; 
elseif m a x ( m a x ( b w T T ) ) ==2 
mat2c; 











f i d l = f o p e n ( ' p f i l e . t x t ' , ' w ' ) ; 
- j a n 2 1 b k 
c l e a r fid； 
j a n 2 l b 
- j a n 2 1 r , 
j a n 2 1 p .. 
“ 
f c l o s e ( f i d l )； 






%Jan 19, 1 9 9 9 . 
.‘ %This f i l e is to get the text file of data and save as a c o m p l e t e d 
file 
%use x b p . t x t as an e x a m p l e 
. % c o l o r i n d e x is b l a c k ( l ) , w h i t e ( 2 ) , r e d ( 3 ) , y e l l o w ( 4 ) 
% g r e e n { 5 ) , b l u e ( S ) , o r a n g e ( 7 ) ‘ 
%sh a p e index： c i r c l e ( l ) , e l l i p s e ( 2 ) , s e m i - c i r c l e ( 3 ) , 
%line c o n n e c t e d such as r e c t a n g l e , t r i a n g l e (4), s e m i - e l l i p s e ( 5 ) 
fid=fopen('xbp.t:xt:_); •： 
if f i d - = - l ’ '\、. 
countlb=0； 
c o u n t s b = 0 ; 
w h i l e 1 
line = fgetl(fid)； . 
if - i s s t r ( l i n e ) , b r e a k , end 
B = s t r 2 n u m ( l i n e ) ; 
if s i z e ( B , 2 ) = = l 
c o u n t s b = c o u n t s b + l ; 
end 
c o u n t l b = c o u n t l b + l ; 
e n d 
f c l o s e ( f i d ) ; 
end . 
%green ends a n d blue b e g i n s 
fid=fopen(_ xbp.txt‘, ‘r‘); 






%shape of o b j e c t 
for i=l：countsb 
























‘ C = f g e t l ( f i d ) ; 
D = s t r 2 n u m ( C ) ; 
f p r i n t f ( f i d l , '%6d',D)； 
f p r i n t f ( f i d l , _\n'); 
‘ C = f g e t l ( f i d ) ; 
D = s t r 2 n u m ( C ) ; 
f p r i n t f ( f i d l , '%6d',D); 
- f p r i n t f ( f i d l , ' \ n ' )； , 
., e l se i f 30000<B(1,1) & B(l,l)<40000 
^ C = f g e t l ( f i d } ; 
D = s t r 2 n u m ( C ) ; 
f p r i n t f ( f i d l , , % 6 d ' , D )； 
f p r i n t f ( f i d l , ‘ \n' ) ； /；.. 
C = f g e t l ( f i d )； 〜；、 
D = s t r 2 n u m ( C ) ; 
f p r i n t f ( f i d l , '%6d' ,D)； ,. 
f p r i n t f ( f i d l , '\n')； • 
C = f g e t l ( f i d )； ‘ 
D = s t r 2 n u m ( C ) ; 
fprintf(fidl,. '%6d' ,D); 
f p r i n t f ( f i d l , '\n'); 
C = f g e t l ( f i d ) ; 
D = s t r 2 n u m { C ) ; 
f p r i n t f ( f i d l , ' % 6 d ' , D ) ; 
f p r i n t f ( f i d l , ' X n ' ) ; 
、 C = f g e t l ( f i d ) ; 
‘ D=s t r 2 n u m ( C )； 
f p r i n t f ( f i d l , ' % 6 d ' , D )； 
f p r i n t f ( f i d l , ‘ \ n ' ) ; 
C = f g e t l ( f i d ) ; 
D=str2num(C); 
fprintf(fidl, '%6d ' ,D) ; 
f p r i n t f ( f i d l , • \ n _ )； 
elseif 4 0 0 0 0 < B { 1 , 1 ) 
C=fgetl(fid)； 
D=str2num(C); 
f p r i n t f ( f i d l , ' % 6 d ' , D ) ; 
f p r i n t f ( f i d l , ‘ \ n ' ) ; 
C=fgetl(fid)； 
D=str2num{C); 
f p r i n t f ( f i d l , ' % 6 d ' , D )； 
fprintf(fidl,‘ \ n ' ) ; 
C=fgetl{fid)； 
D = s t r 2 n u m { C ) ； •-
f p r i n t f ( f i d l , ' % 6 d ' , D )； 




- f p r i n t f ( f i d l , ‘ \ n ' ) ; 
C = f g e t l { f i d ) ; 
D=str2num(C)； 
f p r i n t f { f i d l , ,%6d',D); 
f p r i n t f ( f i d l , ‘\n'); 
C = f g e t l { f i d ) ; 
D=str2num{C)； 
f p r i n t f ( f i d l , '%6d',D)； 
f p r i n t f ( f i d l , ‘\n')； 
C = f g e t l ( f i d ) ; 
D=str2num(C)； 
f p r i n t f ( f i d l , '%6d',D); 
-�C 
fprintf(fidl,‘\n')； 
C = f g e t l { f i d ) ; 
D=str2num(C)； 




• ^nd ’ 
e n d 
* • 







S u b A • m 
%This file is u s e d for s t a n d a r d s h a p e t e s t . 
- % l s t t e s t is circle z=l 
%2nd t e s t is ellipse z=2 
%3rd t e s t is s e m i - c i r c l e z=3 
• %4th t e s t is r e c t a n g l e or triangle 
function [x,^, z ] = s u b A ( i m , p l , p 2 ) 




m l = s t . M a j o r A x i s L e n g t h ; 
nl = s t . M i n o r A x i s L e n g t h ; ；‘ 
A a = s t . A r e a ; • 
A=pi*ml*nl/4； 
A c = p i * ( ( m l + n l ) / 4 ) " 2； 
if a b s ( m l - n l ) / m l < 0 . 0 5 & a b s ( A a - A c ) / A a <0.05 
x = r o u n d ( s t . C e n t r o i d )； • 
y = r o u n d ( { m l + n l ) / 4 )； 
z=l; 
elseif a b s ( A a - A ) / A a < 0.04 
x=round,{st.Centroid)； 
y ( l ) = r o u n d ( s t . B o u n d i n g B o x { 3 ) / 2 ) ; 
y ( 2 ) = r o u n d ( s t . B o u n d i n g B o x ( 4 ) / 2 ) ; 
y ( 3 ) = s t . O r i e n t a t i o n； 
z=2 ; 
elseif a b s { ( m l - 2 * n l ) / m l ) < 0 . 0 5 & a b s ( A a - A ) / A a < 0.06 
C = g a u s s ( i m , p l ) ; 
aC=abs(C/max(max(C)))； 
[X,Y]=peak(aC,p2); 
% f i g u r e ; 
% i m s h o w ( a C , 1 2 8 ) ; 
% h o l d on 
% p l o t ( X , Y , 'o')； 
if size(X,l)==2 
x=round(st.Centroid)； 
y { l ) = r o u n d { X ( l ) ) ; 
y(3)=round(X{2))； 
y(2)=round{Y(l))； 
y ( 4 ) = r o u n d ( Y { 2 ) ) ； •• 










' v ~ > 
; > > ' 
Marl5fl.m 
x c = ( y { l ) + y ( 3 ) ) /2; 
..yc=(y(2)+y{4) ) /2; 
if y ( 3 ) > y ( l ) 
• x l = r o u n d ( y ( 4 ) - y c + x c )； 
- y l = r o u n d ( y ( 3 ) - x c + y c )； ， 
if x l + 2 < b Sc yl+2 < a 
if i m ( y l , x l ) = = l I i m ( y l _ l , x l _ l ) = = l | i m ( y l - 2 , x l - 2 ) = = l | 
i m ( y l + l , x l + l ) = = l I i m ( y l + 2 , x l + 2 ) = = l 
y ( 5 ) = x l ; .： 
y ( 6 ) = y l ; ‘ -v. 
y ( 7 ) = l ; 、 
e n d 
e n d ；‘ 
c l e a r x l ; 
c l e a r y l ; 
x l = r o u n d ( y ( 2 ) - y c + x c )； 
y l = r o u n d ( y ( 1 ) - x c + y c )； 
if x l + 2 < b Sc yl+2 < a 
if i m ( y l , x l ) = = l I i m ( y l - l , x l - l ) = = l . | i m { y l - 2 , x l - 2 ) = = l | 
i m ( y l + l , x l + l ) = = l I i m ( y l + 2 , x l + 2 ) = = l 
y ( 5 ) = x l ; 
y ( 6 ) = y l ; 
y.(7)=l; 
e n d 
e n d 
elseif y { 3 ) < y(l) 
x l = r o u n d { y { 2 ) - y c + x c )； 
y l = r o u n d ( y ( 1 ) - x c + y c )； 
if x l + 2 < b & yl+2 < a 
if i m ( y l , x l ) = = l | i m ( y l - l , x l - l ) = = l | i m ( y l - 2 , x l - 2 ) = = l | 
i m { y l + l , x l + l ) = = l I i m ( y l + 2 , x l + 2 ) = = l 
y ( 5 ) : x l ; 
y ( 6 ) = y l ; 
y ( 7 ) = 2 ; 
e n d 
e n d 
c l e a r xl; 
c l e a r y l ; 
x l = r o u n d (y(4)-yc+xc)； 
y l = r o u n d ( y ( 3 ) - x c + y c )； 
if x l + 2 < b Sc yl+2 < a •• 
if i m ( y l , x l ) = = l I i m ( y l - l , x l - l ) = = l | i m ( y l - 2 , x l - 2 ) = = l | 
i m ( y l + l , x l + l ) = = l I im(yl+2,xl+2)==l 
y ( 5 ) = x l ; 
y ( 6 ) = y l ; 
y ( 7 ) = 2 ; 
e n d -
e n d 
else 
if y ( 2 ) > y ( 4 ) 
xl=round(y{4)-yc+xc)； 
y l = r o u n d ( y ( 3 ) - x c + y c ) ; 
if xl+2 < b & yl+2 < a 
if im(yl,xl)==l | im(yl-l,xl-l)==l | i m ( y l - 2 , x l - 2 ) = = l | 







c l e a r xl; 
^ c l e a r yl; 
x l = r o u n d ( y ( 2 ) - y c + x c ) ; 
y l = r o u n d ( y ( l ) - x c + y c )； 
if xl+2 < b Sc yl+2 < a 
- if i m ( y l , x l ) = = l | i m ( y l - l , x l - l ) = = l | i m ( y l - 2 , x l - 2 ) = = l | ， 
i m ( y l + l , x l + l ) = = l I i m ( y l + 2 , x l + 2 ) = = l 
“ y ( 5 ) = x l ; 
y(6)=yl； 
y ( 7 ) = 3 ; 
e n d 人 
e n d 、\ 
e l s e 
x l = r o u n d { y ( 2 ) - y c + x c )； 
y l = r o u n d ( y ( l ) - x c + y c ) ; ‘ 
if xl+2 < b Sc yl+2 < a 
if i m ( y l , x l ) = = l | i m ( y l - l , x l - l ) = = l | i m ( y l - 2 , x l - 2 ) = = l | 
i m ( y l + l , x l + l ) = = l I ini(yl+2,xl+2)==l 
y ( 5 ) = x l ; 
y ( 6 ) = y i ; 
y ( 7 ) = 4 ; 
e n d 
e n d 




if xl+2 < b & yl+2 < a 
if i m ( y l , x l ) = = l | i m ( y l - l , x l - l ) = = l | i m ( y l - 2 , x l - 2 ) = = l | 
i m ( y l + l , x l + l ) = = l I i m ( y l + 2 , x l + 2 ) = = l 
y { 5 ) = x l ; 
y ( 6 ) = y l ; 
y ( 7 ) = 4 ; 
e n d 
e n d 




%use c o n t o u r to find s e q u e n c e of p o i n t s 
f u n c t i o n [ x , y ] = s u b B ( i m , p 2 ) 
..[a,b] = s i z e (im); 
[ c o n , h a n d l e ] = i m c o n t o u r ( i m , 1 ) ; % m a k e c o n t o u r m a t r i x in c o n 
if s i z e ( h a n d l e , 1 ) - = 1 
, p = l ; 
s t a r t { p l =2; ‘ 
for k =2：2:max(size(con) ) -1 
irf a b s ( c o n ( l , k ) - c o n { l , k + l ) ) > 2 
s t o p ( p ) = k ; 
s t a r t ( p + l ) = k + 2 ; .： 
p = p + l ; ，'、. 
e n d 
e n d 
s t o p ( p ) = m a x ( s i z e ( c o n ) ) ; % f i n d s t a r t a n d s t o p of e a c h c o n t o u r 
for q= l : m a x ( s i z e ( s t a r t ) ) . 
len(q) 二 stop(q) - s t a r t ( q ) + 1 ; 
e n d 
C O N L E N = l e n ( l ) ; 
C O N S T A R T = start(1); 
for q= 2 : m a x ( s i z e ( s t a r t ) ) 
if len(q) > CONLEN-
C O N S T A R T = s t a r t ( q ) ; 
C O N L E N = len(q); 
e n d •» 
e n d 
else 
C O N S T A R T = 2 ; 
C O N L E N = m a x ( s i z e ( c o n ) ) - l ; 
end 
m e t = z e r o s ( a , b ) ; 
for n = C O N S T A R T : C O N S T A R T + C O N L E N - 1 
m e t ( r o u n d ( c o n ( 2 , n ) ) , r o u n d ( c o n ( l , n ) ) ) = 1 ; 
end 
C = g a u s s (met, p2 ); 
a C = a b s ( C / m a x (max(C))); 
[ X , Y ] = p e a k ( a C , 0 . 5 ) ; 
% f i g u r e ; 
% i m s h o w ( a C , 1 2 8)； 
% h o l d on 
%plot(X,Y,‘o‘); 
for j = l : s i z e ( X , l ) ‘ 
— for k = C O N S T A R T : C O N S T A R T + C O N L E N - 1 
if a b s ( X ( j ) - c o n ( l , k ) ) < 1 & a b s ( Y ( j ) - c o n ( 2 , k ) ) < 1 
qq(j)=k; 
end 
e n d 
end ‘ 
for j = l : s i z e ( X , 1 ) 
[ q l , q 2 ] = m a x ( q q ) ; 
X I ( j ) = r o u n d ( c o n ( 1 , q l ) ) ; 
Y l ( j ) = r o u n d ( c o n ( 2 , q l ) ) ; 
q q ( q 2 ) = 0 ; 
end 
X l ( s i z e ( X , l ) + l ) = X l ( l ) ; 
Y l ( s i z e ( X , 1 ) + 1 ) = Y 1 ( 1 ) ; 
x = X l ; 
y = Y i ; 
Gauss.m 
起亡〇匸 c o r n e r d e t e c t i o n 
”function C = g a u s s ( I , s) 
s 2 = s * s ； 
- w = c e i l ( 3 * 2 * 1 . 4 * s / 2 )； ’ 
X 二 [-w:w]； .* 
gO = e x p ( - x . " 2 / ( 2 * s 2 ) ) * . 4 / s ; 
gl = gO .• (_x) / s2; J.‘ 
c% 
g2 = gO .* (x.A2/s2 -1) / s2; 
g3 = gO .* (3*x - x."3 / s2) / (s2*s2); ." 
Ix = c o n v 2 ( I , g l , 'same'); 
I x y = c o n v 2 ( I x , g l ' , ‘same ‘)； 
Ix = c o n v 2 ( I x , g O ' , ‘same‘)； 
Iy = c o n v 2 ( I , g O , ‘same‘); 
Iy = c o n v 2 ( I y , g l ' , ‘same‘)； 
Ixx = conv2(I;. g 2 , ‘ same ‘); 
Ixx = c o n v 2 ( I x x , g O ' , ‘same‘)； 
Iyy = c o n v 2 ( I , g O , ‘same‘)； 
Iyy = c o n v 2 ( I y y , g2‘, ‘same‘)； 
%c = ( - I x . * I x . * I y y + 2 * I x . * I y . * I x y - I y . * I y . * I x x ) ; 
c = ( - I x . * I x . * I y y + 2 * I x . * I y . * I x y - I y . * I y . * I x x ) . / ( I x . A 2 + I y . A 2 + l ) ; 
%C = m a t 2 g r a y ( a b s ( c ) ) ; 
C = c; 
, 
Peak.m 
% f o r c o r n e r d e t e c t i o n 
. f u n c t i o n [x,y] 二 p e a k ( C , t) 
[m n] == s i z e (C); 
- g = filter2{fspecial('gauss‘ , 10, .5),C, 'same')； ， 
C = m a t 2 g r a y ( g )； 
A» 
T = C > t ; 
%Ts = b w m o r p h { T { 2 : m - l , 2 : n - l ) , 'shrink' , 2 ) ； .； 
Ts = T ( 3 : m - 2 , 3 : n - 2 )； 
%Ts = T ( 2 : m - l , 2 : n - l )； 、 
c x = C(l:m-l,1：n-l) - C ( l : m - l , 2 : n ) ; 
c y = C(l:ru-1, l:n-l) - C { 2 : m , l : n - 1 ) ; , 
d x = c x ( 2 : m - l , 2 : n - l ) > 0 & c x ( 2 ; m - l , l : n - 2 ) < 0 ; 
% d x 2 = c x ( 2 : m - l , 4 : n - l ) > 0 & c x ( 2 : m - l , l : n - 4 ) < 0 ; 
d y = c y ( 2 : m - l , 2 : n - l ) > 0 & c y ( l : m - 2 , 2 : n - l ) < 0 ; 
% d y 2 = c y ( 4 : m - l , 2 : n - l ) > 0 & c y ( l : m - 4 , 2 : n - l ) < 0 ; 
% [ y x ] = f i n d ( d x ( 2 : m - 3 , 2 : n - 3 ) & d y ( 2 : m - 3 , 2 : n - 3 ) & d x 2 ( 2 : m -
3, ：)&dy2{：,2:n-3)& Ts); 
[ y x ] = f i n d ( 4 x ( 2 : m - 3 , 2 : n - 3 ) £： d y ( 2 : m - 3 , 2 : n - 3 ) & Ts); 
X = X + 2 ； 
y = y + 2; 
n b = 2 ; 
[TMx T M y ] = m e s h g r i d ( - n b : n b , - n b : n b ) ; 
T M x = TMx(1•：); 
T M y = TMy(：,1)； 
for i = 1：length(x) 
X = T M x + X{i); 
Y = T M y + y ( i ) ; 
TC = C { Y , X ) ; 
[mTC 工]=max(TC); 
[TC J] = max{mTC)； 
x ( i ) = X ( J ) ; 
y ( i ) = Y(I{J))； 
e n d •' 
[x I] = s o r t ( x ) ; 
y = y (I); 
X = X - x ( [ 2 : l e n g t h ( x ) , l ] ) ; " -
Y = y - y ( [ 2 : l e n g t h ( y ) , l ] ) ; 
I = f i n d ( X | Y ) ; 
X = X {工）； 
y = y (I)； 
-J2 
File.m 
%This file is used to change p f i l e . t x t into a file o u t . t x t 
.. %F9 - FE ASCII code as command 
%F9 - FC ： straight line m o v e m e n t (shift) 
%FD - FE ： circular m o v e m e n t (shiftc) 
• %F1 acts as the initialize to get the data p o i n t s 
%F2 acts as the end of data points ‘ 
%F3 - F8 as color 
%F3 color*-black; %F4 color red； F5 color y e l l o w 
%F6 c o l o r green; F7 color blue； F8 color g r e y 
%size of pen = 5 mm (ps) .； 
r o w l = 2 5 0 ; * 'v. 
c o l l = 1 5 0 ; 、 
% o r i g i n of paper 
x0 = 0; 
y 0 = 0 ; , 
z0 = 0 ； 
%size of paper 
w i d e = 2 3 0； %y-axis, robot 
l e n g t h = 1 6 0 ; %x-axis, robot 
% s c a l e 










% b e g i n 
fid2 = fopen('jan27org.txt' , 'r')； 
fid3=fopen('jan27outl.txt','w')； 
p p = f g e t l ( f i d 2 ) ; 
p q = s t r 2 n u m { p p ) ; 
cor=pq; 
p p = f g e t l ( f i d 2 ) ; 
p q = s t r 2 n u m ( p p ) ； •‘ 
n o b j = p q ; 
p p = f g e t l { f i d 2 ) ; 
p q = s t r 2 n u m ( p p ) ; 
type=pq; 
typel=floor{type/10000)； 
- type2 = floor({type-1000 0)/100 0); 
if typel==2 
type3=floor((type-200 0 0-type2*100 0)/100); 
elseif typel==3 
type3=floor((type-3 0000-type2*1000)/100)； 
type4=floor((type-3 0000-type2*10 0 0-type3*10 0)/10); 
elseif typel==4 
type3=floor{(type-40000-type2*1000)/100)； 
type4=floor{{type-40 0 0 0-type2*10 0 0-type3*10 0)/10); 
type5=floor(type-40 0 0 0-type2*10 0 0-type3*10 0-type4*10); 
end 
pp=fgetl(fid2)； 
- • _ -
pq=str2nuru(pp); 
n d a t a = s i z e ( p q , 2 ) ; 
n x = p q ; 
. p p = f g e t l ( f i d 2 ) ; 
p q = s t r 2 n u m ( p p ) ; 
n y = p q ; 
i n i x = x O + n x ( l , 1 ) * s f x ; 
- i n i y = y O - n y ( l , 1 ) * s f y ; ‘ 
%b e g i n pririt 
if c o r = = l ^ 
f p r i n t f ( f i d 3 , ' % x %6.4f % 6 . 4 f \ n ' , 2 4 3 , i n i x , i n i y ) ; 
e l s e i f cor==3 , 
f p r i n t f ( f i d 3 , ' % x %6.4f %6.4f\n',244,inix,iniy)；、、义 
e l s e i f c o r = = 4 、 
f p r i n t f { f i d 3 , '%x %6.4f % 6 . 4 f \ n ' , 2 4 5 , i n i x , i n i y ) ; 
e l s e i f c o r = = 5 .-
f p r i n t f ( f i d 3 , ' % x %6.4f % 6 . 4 f \ n ' , 2 4 6 , i n i x , i n i y )； ‘ 
e l s e i f c o r = = 6 
f p r i n t f ( f i d 3 , '%x %6.4f % 6 . 4 f \ n ' , 2 4 7 , i n i x , i n i y ) ; 
e l s e i f c o r = = 7 




d u m x = ( n x ( l , i + l ) - n x ( l , i ) )* s f x ; 
• d u m y = { n y ( l , i ) - n y ( l , i + l) )*sfy; 
if dumx-=0 I dumy-=0 
f p r i n t f ( f i d 3 , ' % x %6.4f 
% 6 . 4 f \ n , , 2 4 9 , d u m x , d u m y ) ; 
end 




% T h i s p r o g r a m is to c r e a t pts to fill the b l o b s 
"'th=5 ； % t h i c k n e s s of the line 
x s = 2 9 0; % Y - a x i s of the r o b o t 290 to 450 
x e = 4 5 0; % Y - a x i s of the r o b o t 290 to 450 
- y s = 6 5 ; % X - a x i s of the r o b o t 65 to 295 , 
y e = 2 9 5 ; % X - a x i s of the r o b o t 65 to 295 , 
r o w l = 6 0 0 ; % l e n g t h of o r i g i n a l image 
c o l l = 8 0 0 ; % w i d t h of o r i g i n a l image 
robz=343； 
if r o w l > c o l l •': 
r a t i o = m a x ( 2 3 0 / r o w l , 160/coll) ； ‘、、• 
i n d = l ; 
else 
r a t i o = m a x ( 2 3 0 / c o l l , 160/rowl) ； •'' 
ind=2； • 
end 
fid=fopen(‘xrt.txt‘, ‘ r‘); 
if f i d - = - l 
c o u n t l r = 0； 
c o u n t s r = 0 ; 
w h i l e 1 
l i n e = fgetl(fid); 
if - i s s t r { l i n e ) , b r e a k , e n d 
B = s t r 2 n u m ( l i n e ) ; 
if s i z e ( B , 2 ) = = l 
c o u n t s r = c o u n t s r + l ; 
e n d 
c o u n t l r = c o u n t l r + l ; 
e n d 
f c l o s e ( f i d ) ; 
end 
f i d = f o p e n ( ' x r t . t x t ' , 'r'); 
f i d l = f o p e n ( ' x r t f . t x t ' , 'w'); 
if f i d - = - l 
for i = l : c o u n t s r 
A = f g e t l { f i d ) ; 
B = s t r 2 n u m ( A ) ; 
if s i z e ( B , 2 ) = = l 
if B ( l , l ) < 2 0 0 0 0 , 
… B 1 = ( B { 1 , 1 ) - 1 0 0 0 0 ) / 1 0 0 0 ; ‘ 
B2 = f l o o r { B l ) ; 
C = f g e t l ( f i d ) ; 
C l = s t r 2 n u m ( C ) ; 
C2=fgetl{fid)； 
. C 3 = s t r 2 n u m ( C 2 ) ; 
if B 2 = = 1 
cenc=Cl; % c e n t e r of the c i r c l e 
radc=C3； % r a d i u s of the c i r l c e 
nd=floor{C3*2/th)； % n u m b e r of filling line 
[ D l , D 2 ] = p l o t _ c i r ( c e n c , r a d c , n d ) ; 
deg=rand*9 0; 




cenl=Cl; % c e n t e r of the e l l i p s e 
m a = C 3 ( l > ; % x - a x i s l e n g t h 
mn=C3(2)； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 ) ; % d e g r e e of r o t a t i o n 
.‘ ％nd=floor(C3*4/th); % n u m b e r of f i l l i n g l i n e 
nd=2 0; 
[ D 1 , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
_ d e g = r a n d * 9 0; 
- .. E l = n l d _ l ( D l , D 2 , d e g , t h ) ; ‘ 
coor; 
‘ end 
if B 2 = = 3 
[D1, D2 , D3 , D4 ] = p l o t _ s e m i (C3,th)； ,: 
for i = l : s i z e ( D 2 , 2 ) ’ '<. 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i )； 、 
D 6 ( i ) = D 4 ( s i z e { D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D5]; 
D 8 = [ D 2 D6]; 
d e g = r a n d * 9 0; 
E l = n l d _ l ( D 7 , D 8 , d e g , t h ) ; 
coor; 
e n d 
if B 2 = = 4 
d e g = r a n d * 9 0; % i n c l i n e d a n g l e for f i l l i n g l i n e 
E l = n l d _ l ( C l , C 3 , d e g , t h ) ; 
、 coor; 
end 
%for an o b j e c t w i t h o u t c i r c u l a t i n g a n o t h e r o b j e c t 
elseif B(1,1) >20000 & B ( 1 , 1 ) < 30000 
B l = ( B ( l , l ) - 2 0 0 0 0 ) / 1 0 0 0 ; 
B 2 = f l o o r ( B l ) ; 
B 3 = f l o o r ( ( B l - B 2 ) * 1 0 ) ; 
C = f g e t l ( f i d ) ; 
Cl=str2num(C)； 
C 2 = f g e t l { f i d ) ; 
C 3 = s t r 2 n u m ( C 2 ) ; 
C 4 = f g e t l ( f i d ) ; 
C 5 = s t r 2 n u m ( C 4 ) ; 
C 6 = f g e t l { f i d ) ; 
C 7 = s t r 2 n u m ( C 6 ) ; 
if B 2 = = 1 & B 3 = = 1 
ceno=Cl； % c e n t r e of o u t s i d e c i r c l e 
rado=C3; % r a d i u s of o u t s i d e c i r c l e 
ceni=C5； % c e n t r e 'of i n s i d e c i r c l e 
radi=C7； % r a d i u s of i n s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h )； % n u m b e r of 
filling l i n e for ouside circle 
% n d i = f l o o r ( r a d i * 2 / t h )； % n u m b e r of 
filling l i n e for inside circle 
ndi=2 0; 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n i , r a d i , n d i ) ; 
deg=rand*9 0； 
El=nld_2 (D1, D2 , d e g , th, D3 , D4); 
coor; 
end 
if B2 = = 1 Sc B3 = = 2 
ceno=Cl； % c e n t r e of o u t s i d e c i r c l e 
rado=C3； %radius of o u t s i d e c i r c l e 
ndo=floor(rado*2/th)； % n u m b e r of 
filling l i n e for ouside circle 
[D1, D2] =plot:_cir (ceno, r a d o , ndo)； 
cenl=C5； % c e n t e r of t h e e l l i p s e 
m a = C 7 ( l ) ; % x - a x i s l e n g t h 
.‘ m n = C 7 (2) ； % y - a x i s l e n g t h 
d e g r e e = C 7 ( 3 ) ; % d e g r e e of r o t a t i o n 
nd=2 0; % n u m b e r of f i l l i n g l i n e s 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
.. d e g = r a n d * 9 0; • 
‘ E l = n l d _ 2 ( D l , D 2 , d e g , t h , D 3 , D 4 )； 
*- c o o r ; 
end 
if B 2 = = 1 & B 3 = = 3 ,； 
ceno=Cl； % c e n t r e of o u t s i d e ci2^cle 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h )； % n u m b e r of 
f i l l i n g l i n e for o u s i d e c i r c l e 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
[ D 3 , D 4 , D 5 , D 6 ] = p l o t _ s e m i ( C 7 , t h ) ; 
for i = l : s i z e ( D 2 , 2 ) 
D 7 ( i ) = D 5 ( s i z e ( D 4 , 2 ) + l - i ) ; 
D 8 ( i ) = D 6 ( s i z e ( D 4 , 2 ) + l - i ) ; 
e n d 
D 9 = [ D 3 D 7 ] ; 
D 1 0 = [ D 4 D 8 ] ; 
d e g = r a n d * 9 0; 
, E l = n l d _ 2 ( D l , D 2 , d e g , t h , D 9 , D 1 0 )； 
c o o r ; 
end 
if B 2 = = 1 & B 3 = = 4 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h )； % n u m b e r of 
f i l l i n g l i n e for o u s i d e c i r c l e 
[ D 1 , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
d e g = r a n d * 9 0; % i n c l i n e d a n g l e for 
f i l l i n g l i n e 
E l = n l d _ 2 ( D l , D 2 , d e g , t h , C 5 , C 7 ) ; 
c o o r ; 
end 
if B 2 = = 2 & B 3 = = 1 
c e n o = C l ; % c e n t e r of the e l l i p s e 
m a = C 3 ( 1 )； % x - a x i s l e n g t h 
m n = C 3 ( 2 )； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 )； % d 6 g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g line 
[ D 1 , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
ceni=C5； % c e n t e r of the c i r c l e 
r a d i = C 7 ; % r a d i u s of the c i r l c e 
n d = 2 0; % n u m b e r of f i l l i n g line 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n l , r a d i , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 2 ( D l , D 2 , d e g , t h , D 3 , D 4 ) ; 
c o o r ; 
end 
if B 2 = = 2 & B 3 = = 2 
ceno=Cl； %CGnter of the e l l i p s e 
m a = C 3 (1)； % x - a x i s l e n g t h 
nui=C3 (2) ； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 )； % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g line 
[ D 1 , D 2 ] = p l o t _ e l i { c e n l , m a , m n , d e g r e e , n d )； 
. .• 
c e n l = C 5 ; % c e n t e r of the e l l i p s e 
m a = C 7 ( l ) ; % x - a x i s l e n g t h 
mn=C7(2)； % y - a x i s l e n g t h 
, d e g r e e = C 7 ( 3 )； % d e g r e e of r o t a t i o n 
nd=2 0; % n u m b e r of f i l l i n g l i n e s 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
d e g = r a n d * 9 0; 
“ .. E l = n l d _ 2 ( D l , D 2 , d e g , t h , D 3 , D 4 )； . 
c o o r ; 
*- end 
if B2==2 & B 3 = = 3 
c e n o = C l ; % c e n t e r of the ellips,e 
m a = C 3 (1) ； % x - a x i s l e n g t h ，'、 
mn=C3(2)； % y - a x i s l e n g t h 、 
d e g r e e = C 3 ( 3 ) ; % d e g r e e of r o t a t i o n 
nd=2 0 ; % n u m b e r of f i l l i n g line • 
[ D 1 , D 2 ] = p l o t _ e l i ( c e n l , m a , n m , d e g r e e , n d ) ; 
[ D 3 , D 4 , D 5 , D 6 ] = p l o t _ s e m i ( C 7 , t h ) ; 
for i = l : s i z e ( D 4 , 2 ) 
D 7 ( i ) = D 5 ( s i z e ( D 4 , 2 ) + l - i )； 
D 8 ( i ) = D 6 ( s i z e ( D 4 , 2 ) + l - i ) ; 
e n d 
D 9 = [ D 3 D 7 ] ; 
D 1 0 = [ D 4 D 8 ] ; 
d e g = r a n d * 9 0; 
.• E l = n l d _ 2 ( D l , D 2 , d e g , t h , D 9 , D 1 0 ) ; 
c o o r ; 
end 
if B 2 = = 2 Sc B 3 = = 4 
c e n o = C l ; % c e n t e r of the e l l i p s e 
ma=C3{1)； % x - a x i s l e n g t h 
mn=C3{2)； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 ) ; % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g line 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
d e g = r a n d * 9 0; % i n c l i n e d a n g l e for 
f i l l i n g l i n e 
E l = n l d _ 2 ( D l , D 2 , d e g , t h , C 5 , C 7 ) ; 
coor； 
end 
if B2==3 Sc B 3 = = 1 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i (C3,th); 
for i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 (si'ze{D2,2)+l-i); 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D 5 ] ; 
D 8 = [ D 4 D 6 ] ; 
c e n i = C 5 ; % c e n t e r of the c i r c l e 
r a d i = C 7 ; % r a d i u s of the c i r l c e 
nd=2 0; % n u m b e r of f i l l i n g line 
[ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i , r a d i , n d ) ; 
d e g = r a n d * 9 0； 
E l = n l d _ 2 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 ) ; 
coor； 
end 
if B2==3 & B 3 = = 2 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i (C3,th); 
for i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 { s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
i',': 
end 
D 7 = [ D 1 D5]; 
D 8 = [ D 4 D6]; 
.‘ cenl = C 5 ； % c e n t e r of the e l l i p s e 
m a = C 7 ( l ) ; %x-axis l e n g t h 
mn=C7(2)； %y-axis l e n g t h 
d e g r e e = C 7 (3)； % d e g r e e of r o t a t i o n 
' . n d = 2 0 ; % n u m b e r of f i l l i n g lines ， 
[D9 , D19-] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e ' n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 2 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 )； , 
c o o r ; ，':、. 
end 、 
if B2==3 & B 3 = = 3 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e n d (C3,th);. 
for i = l : s i z e ( D 2 , 2 ) ‘ 
D 5 ( i ) = D 3 { s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D5]; 
D 8 = [ D 4 D6]; 
_[Dll,D12,D13,D14]=plot_semi (C7,th); 
for i = l : s i z e ( D 1 2 , 2 ) 
D15 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
. D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D15]； 
D 1 8 = [ D 1 2 D16]; 
d e g = r a n d * 9 0; 
E l = n l d _ 2 (D7,D8,deg, t h , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B2==3 Sc B 3 = = 4 
[D1, D2 , D3 , D4 ] = p l o t _ s e m i (C3,th); 
for i = l : s i z e ( D 2 , 2 ) 
D5 (i)=D3(size(D2,2)+l-i); 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D5]; 
D 8 = [ D 4 D6]; 
d e g = r a n d * 9 0； 
E l = n l d _ 2 ( D 7 , D 8 , d e g , t h , C 5 , C 7 ) ; 
c o o r ; ‘  
end 
if B2==4 Sc B 3 = = 1 
ceni=C5； %center of the circle 
radi=C7； %radius of the cirlce 
nd=20； %number of filling line 
[Dl,D2]=plot:_cir(ceni,radi,nd); - -
deg=rand*90； 
E l = n l d _ 2 (Cl,C3,deg,th,Dl,D2); 
c o o r ; 
end 
if B2==4 & B 3 = = 2 
cenl=C5； %center of the ellipse 
ma=C7(1)； %x-axis length 
m n = C 7 (2)； %y-axis length 
d e g r e e = C 7 (3)； %degree of rotation 
n d = 2 0 ; %number of filling lines 
[ D l , D 2 ] = p l o t _ e l i { c e n l • m a , m n , d e g r e e , n d ) ; 
少 
d e g = r a n d * 9 0; 
E l = n l d _ 2 ( C l , C 3 , d e g , t h , D l , D 2 ) ; 
coor; 
.• end 
• if B2==4 & B3==3 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 7 ' t h ) ; 
for i = l : s i z e ( D 2 , 2 ) 
- D 5 { i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i )； ， 
•’ D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
“ end 
D 7 = [ D 1 D5]; 
D8=[D4 D6]； , 
d e g = r a n d * 9 0; ，:、， 
E l = n l d _ 2 (Cl,C3,deg, t h , D 7 , D 8 )；、. 
coor; 
end 
if B2==4 & B 3 = = 4 
d e g = r a n d * 9 0; “ 
E l = n l d _ 2 ( C l , C 3 , d e g , t h , C 5 , C 7 ) ; 
coor; 
end 
elseif B(1,1) >30000 &,B(1,1) < 40000 
B l = ( B ( l , l ) - 3 0 0 0 0 ) / 1 0 0 0 ; 
B 2 = f l o o r ( B l ) ; 
B3=floor((Bl-B2)*10)； 
B 4 = f l o o r ( ( ( B l - B 2 ) * 1 0 - B 3 ) * 1 0 ) ; 
•’ C=f g e t l ( f i d ) ; 
C l = s t r 2 n u m ( C ) ; 
C 2 = f g e t l ( f i d ) ; 
C 3 = s t r 2 n u m ( C 2 ) ; 
C4=fgetl(fid)； 
C 5 = s t r 2 n u m ( C 4 ) ; 
C 6 = f g e t l ( f i d ) ; 
C7=str2num(C6)； 
C 8 = f g e t l ( f i d ) ; 
C 9 = s t r 2 n u m ( C 8 ) ; 
C 1 0 = f g e t l { f i d ) ; 
Cll=str2num{C10)； 
if B 2 = = 1 & B 3 = = 1 Sc B 4 = = 1 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； %radius of o u t s i d e c i r c l e 
c e n i l = C 5 ; %centre of i n s i d e c i r c l e 
r a d i l = C 7 ; %radius of i n s i d e c i r c l e 
ceni2=C9； %centrff of i n s i d e c i r c l e 
r a d i 2 = C l l ; %radius of i n s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h ) ; % n u m b e r of 
filling line for ouside circle 
ndi=2 0; 
[Dl,D2]=plot_cir(ceno,rado,ndo)； 
- - [ D 3 , D 4 ] = p l o t _ c i r ( e e n i l , r a d i l , n d i ) ; 
[D5,D6]=plot_cir{ceni2,radi2,ndi)； 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 5 , D 6 ) ; 
coor; 
end 
if B 2 = = 1 & B 3 = = 1 & B4==2 
ceno=Cl; %centre of o u t s i d e c i r c l e 
rado=C3； %radius of o u t s i d e c i r c l e 
cenil=C5; %centre of inside c i r c l e 
radil=C7; %radius of i n s i d e c i r c l e 
�> 
ndo=floo2:(2:a_do*2/th); % n u m b e r of 
f i l l i n g line for ouside circle 
ndi=20; 
4 [ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
‘ [ D 3 • D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d i ) ; 
cenl=C9； % c e n t e r of the e l l i p s e 
ma=Cll(l)； %x-axis l e n g t h 
- . m n = C l l ( 2 ) ; %y-axis l e n g t h . 
‘ degree=Cll(3)； % d e g r e e of r o t a t i o n 
tm 
[ D 5 , D 6 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e ' n d i ) ; 
deg=rand*9 0; 
El=nld_3 (Dl,D2,deg, th,D3,D4,D5.、D6); 
coor; 、 
end 
if B 2 = = 1 & B 3 = = 1 Sc B4==3 
ceno=Cl; % c e n t r e of o u t s i d e c i r c l e 
ra_do=C3; %radius bf o u t s i d e c i r c l e 
cenil=C5； % c e n t r e of i n s i d e c i r c l e 
radil=C7； %radius of i n s i d e c i r c l e 
ndo=floor(rado*2/th)； % n u m b e r of 
filling line for ouside circle 
'ndi=2 0; 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o ) ; 
[D3, D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d i )； 
. [ D 1 1 , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 1 1 , t h ) ; 
•• for i = l:size(D12,2) 
D15 { i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D15]; 
D18=[D12 D16]; 
deg=rand*9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 ) ; 
coor; 
end 
if B 2 = = 1 & B 3 = = 1 Sc B4==4 
ceno=Cl; %centre of o u t s i d e c i r c l e 
rado=C3； %radius of o u t s i d e c i r c l e 
cenil=C5； %centre of i n s i d e c i r c l e 
radil=C7; %radius of i n s i d e c i r c l e 
ndo=floor(rado*2/th)； % n u m b e r of 
filling line for ouside circle 
ndi=20; -
[Dl,D2]=plot_cir(ceno,rado,ndo)； 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d i ) ; 
deg=rand*9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 9 , C l l ) ; 
coor; 
end 
if B2==1 & B3==2 & B 4 = = 1 
ceno=Cl; %centre of outside c i r c l e 
rado=C3； %radius of o u t s i d e circle 
cenil=C9; %centre of inside circle 
radil=Cll; %radius of inside circle 
ndo=floor(rado*2/th)； % n u m b e r of 




cenl=C5； %center of the ellipse 
m a = C 7 ( l ) ; % x - a x i s l e n g t h 
mn=C7(2)； % y - a x i s l e n g t h 
degree=C7(3)； % d e g r e e of r o t a t i o n 
•I 
[ D 5 , D 6 ] = p l o t _ e l i (cenl,ma,rmi,degree'ndi); 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 5 , D 6 ) ; 
‘ . coor; ‘ 
end 
*. if B 2 = = 1 & B 3 = = 2 & B 4 = = 2 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h ) ; % n u m b e r ^ of 
f i l l i n g l i n e for o u s i d e c i r c l e 、 
[ D 1 , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
cenl=C5； % c e n t e r of t h e . e l l i p s e 
m a = C 7 ( l ) ; %x-axis, l e n g t h 
mn=C7(2)； % y - a x i s l e n g t h 
d e g r e e = C 7 ( 3 )； % d e g r e e of r o t a t i o n 
nd=2 0; % n u m b e r of f i l l i n g l i n e s 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
cenl=C9； % c e n t e r of the e l l i p s e 
'ma=Cll(1)； % x - a x i s l e n g t h 
mn=Cll{2)； % y - a x i s l e n g t h 
d e g r e e = C l l ( 3 )； % d e g r e e of r o t a t i o n 
• [ D 5 , D 6 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
‘ d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 5 , D 6 ) ; 
c o o r ; 
end 
if B 2 = = 1 Sc B 3 = = 2 Sc B4==3 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h )； %nuraber of 
filling l i n e for o u s i d e c i r c l e 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o ) ; 
c e n l = C 5 ; % c e n t e r of the e l l i p s e 
ma=C7{1)； % x - a x i s l e n g t h 
mn=C7{2)； % y - a x i s l e n g t h 
degree=C7(3)； % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g l i n e s 
[ D 3 • D 4 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
[ D 1 1 , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 1 1 ' t h ) ; 
for i = l:size(D12/'2) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D15]; 
D 1 8 = [ D 1 2 D16]; 
d e g = r a n d * 9 0; -
E l = n l d _ 3 { D 1 , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 ) ; 
coor； 
end 
if B 2 = = 1 Sc B3==2 & B 4 = = 4 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； %radius of o u t s i d e c i r c l e 
n d o = f l o o r { r a d o * 2 / t h )； % n u m b e r of 
filling l i n e for ouside circle 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o } ; 
cenl=C5； % c e n t e r of the e l l i p s e 
ma=C7(1)； %x-axis l e n g t h 
-•::.. 
mn=C7(2)； % y - a x i s l e n g t h 
degree=C7(3)； % d e g r e e of r o t a t i o n 
nd=20; % n u m b e r of filling lines 
_ [ D 3 , D 4 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
“ deg = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 9 , C l l )； 
coor; 
- . end ， 
• if B 2 = = 1 & B 3 = = 3 & B 4 = = 1 
^ ceno=Cl； % c e n t r e of o u t s i d e c i r c l e 
r a d o = C 3 ; % r a d i u s of o u t s i d e c i r c l e 
cenil=C9； % c e n t r e of i n s i d e c i r c l e 
r a d i l = C l l ; % r a d i u s of i n s i d e c i r c l e 
n d o = f l o o r { r a d o * 2 / t h )； % n u m b e r of 
f i l l i n g l i n e for ouside circle 
ndi=2 0; 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
[D3 , D 4 ] = p l o t _ c i r ('cenil, r a d i l , n d i ) ; 
[Dll,D12 , D13 , D 1 4 ] = p l o t _ s e m i (C7,th); 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e { D 1 2 , 2 ) + l - i ) ; 
D16 (.i) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
•end 
D 1 7 = [ D 1 1 D 1 5 ] ; 
D18=[D12 D16]; 
d e g = r a n d * 9 0; 
‘ E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 )； 
coor; 
end 
if B2==1 & B3==3 & B4==2 
ceno=Cl; % c e n t r e of o u t s i d e c i r c l e 
rado=C3; % r a d i u s of o u t s i d e c i r c l e 
n d o = f l o o r ( r a d o * 2 / t h )； % n u m b e r of 
filling l i n e for ouside circle 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o ) ; 
cenl=C9； % c e n t e r of the e l l i p s e 
ma=Cll(l)； % x - a x i s l e n g t h 
mn=Cll(2)； % y - a x i s l e n g t h 
degree=Cll(3)； % d e g r e e of r o t a t i o n 
nd=2 0; % n u m b e r of filling lines 
[ D 3 , D 4 ] = p l o t _ e l i { c e n l , m a , m n , d e g r e e , n d )； 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 C s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D15]; 
D18=[D12 D16]; 
deg=rand*9 0; 
El=nld_3 (Dl,D2 ,deg, th,D3,.D4,D17,D18); 
coor; 
end 
if B2==1 Sc B3==3 & B4==3 
ceno=Cl; % c e n t r e of outside circle 
rado=C3; %radius of outside circle 
ndo=floor{rado*2/th)； %number of 





D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i )； 
end 
D 1 7 = [ D 1 1 D15]； 
D 1 8 = [ D 1 2 D 1 6 ] ; 
“ [ D 2 1 , D 2 2 , D 2 3 , D 2 4 ] = p l o t _ s e m i (C11,th)； 
for i = l : s i z e ( D 2 2 , 2 ) 
D 2 5 ( i ) = D 2 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
- D 2 6 ( i ) = D 2 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; , 
‘ end 
“ D 2 7 = [ D 2 1 D 2 5 ] ; 
D 2 8 = [ D 2 2 D 2 6 ] ; 
d e g = r a n d * 9 0; 




if B2 = = 1 & B 3 = = 3 Sc B 4 = = 4 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
r a d o = C 3 ; % r a d i u s of o u t s i d e c i r c l e 
ndo=flooi:(rado*2/th); % n u m b e r of 
f i l l i n g l i n e for ouside circle 
[Dl,D2] =plot:_cir(ceno, r a d o , n d o ) ; 
[D11, D12 , D13 , D14] = p l o t _ s e m i (C7,th); 
•for i = l:siz.e(D12,2) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i )； 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
', D 1 7 = [ D 1 1 D 1 5 ] ; 
D 1 8 = [ D 1 2 D 1 6 ] ; 
d e g = r a n d * 9 0; 
El=nld_3 (Dl,D2,deg, t h , D 1 7 , D 1 8 , C 9 , C l l ) ; 
coor; 
end 
if B 2 = = 1 Sc B 3 = = 4 Sc B 4 = = 1 
c e n o = C l ; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
cenil=C9； % c e n t r e of i n s i d e c i r c l e 
r a d i l = C l l ; % r a d i u s of i n s i d e c i r c l e 
n d o - f l o o r ( r a d o * 2 / t h ) ; %nuraber of 
filling l i n e for ouside circle 
n d i = 2 0 ; 
[ D l , D 2 ] = p l o t _ c i r { c e n o , r a d o , n d o ) ; 
[ D 3 • D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d i ) ; 
d e g = r a n d * 9 0； 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 5 , C 7 ) ; 
coor; 
end 
if B 2 = = 1 Sc B 3 = = 4 Sc B4 = = 2 
ceno=Cl; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
ndo=floor(rado*2/th),. % n u m b e r of 
filling l i n e for ouside circle 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o / n d o ) ; 
cenl=C9； % c e n t e r of the e l l i p s e 
ma=Cll(l)； % x - a x i s l e n g t h 
m n = C l l ( 2 ) ; % y - a x i s l e n g t h 
degree=Cll(3)； % d e g r e e of r o t a t i o n 
nd=2 0; % n u m b e r of f i l l i n g lines 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
deg=rand*9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 5 , C 7 ) ; 
coor; 
v - ; 
end 
if B 2 = = 1 S： B3= = 4 & B4 = = 3 
ceno=Cl; % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
‘ n d o = f l o o r ( r a d o * 2 / t h ) ; % n u m b e r of 
f i l l i n g l i n e for ouside circle 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
- [ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 1 1 , t h )； , 
• • for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
“ D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D 1 5 ] ; J.. 
D 1 8 = C D 1 2 D16]；- ,、;: 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 1 7 , D 1 8 , 9 5 , C 7 ) ; 
coor; ‘ 
end ‘ 
if B2 = = 1 & B 3 = = 4 & B 4 = = 4 
ceno=Cl； % c e n t r e of o u t s i d e c i r c l e 
rado=C3； % r a d i u s of o u t s i d e c i r c l e 
n d o = f l o o r { r a d o * 2 / t h )； % n u m b e r of 
filling l i n e for ouside c i r c l e 
[ D l , D 2 ] = p l o t _ c i r ( c e n o , r a d o , n d o )； 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , C 9 , C l l , C 5 , C 7 ) ; 
‘  coor; 
end 
if B2==2 & B 3 = = 1 Sc B 4 = = 1 
c e n o = C l ; % c e n t e r of the e l l i p s e 
ma=C3(1)； % x - a x i s l e n g t h 
m n = C 3 ( 2 ) ; % y - a x i s l e n g t h 
degree=C3(3)； % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n m n b e r of f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ e l i {cenl,ma,nui,degree,nd); 
cenil=C5； % c e n t e r of the c i r c l e 
r a d i l = C 7 ; % r a d i u s of the c i r l c e 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d )； 
ceni2=C9； % c e n t e r of the c i r c l e 
r a d i 2 = C l l ; % r a d i u s of the c i r l c e 
[ D 5 • D 6 ] = p l o t _ c i r ( c e n i 2 • r a d i 2 , nd)； 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 5 , D 6 ) ; 
coor; -' 
end 
if B2==2 Ec B 3 = = 1 Sc B4==2 
ceno=Cl; % c e n t e r of the e l l i p s e 
ma=C3(1)； % x - a x i s l e n g t h 
m n = C 3 ( 2 ) ; % y - a x i s l e n g t h 
- degree=C3(3),- % d e g r e e of .rotation . 
n d = 2 0 ; % n u m b e r of f i l l i n g line 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
cenil=C5； % c e n t e r of the c i r c l e 
r a d i l = C 7 ; % r a d i u s of the c i r l c e 
nd=2 0; % n u m b e r of filling line 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d )； 
ceni2=C9; % c e n t e r of the e l l i p s e 
ma=Cll(1)； % x - a x i s l e n g t h 
m n - C l l ( 2 ) ; % y - a x i s l e n g t h 
degree=Cll(3)； % d e g r e e of r o t a t i o n 
參 
[ D 5 , D 6 ] = p l o t _ e l i ( c e n i 2 , m a , m n , d e g r e e , n d ) ; 
d e g = r a n d * 9 0； 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 5 , D 6 )； 
“ co o r ; 
end 
if B 2 = = 2 & B 3 = = 1 & B 4 = = 3 
- c e n o = C l ; % c e n t e r of t h e e l l i p s e , 
.• m a = C 3 ( 1 )； % x - a x i s l e n g t h 
^ m n = C 3 ( 2 )； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 )； % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D 1 , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
c e n i l = C 5 ； % c e n t e r of t h e circl^>: 
r a d i l = C 7； % r a d i u s of t h e c i r l c e 
nd=20； % n u m b e r of f i l l i n g l i n e 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d ) ; 
[ D 1 1 , D12 , D13 , D14]i^plot_semi (C11, th); 
f o r i = l : s i z e { D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D 1 5 ] ; 
Dia=[D12 D16]; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 ) ; 
“ coor； 
e n d 
if B 2 = = 2 & B 3 = = 1 Sc B 4 = = 4 
c e n o = C l ; % c e n t e r of t h e e l l i p s e 
ma==C3 {1) ； % x - a x i s l e n g t h 
m n = C 3 (2)； % y - a x i s l e n g t h 
d e ^ e e = C 3 (3) ； % d e g r e e of r o t a t i o n 
n f e 2 0 ; % n u m b e r of f i l l i n g l i n e 
[D1., D2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
ceEsdl=C5 ； % c e n t e r of t h e c i r c l e 
rcDcail=C7 ； % r a d i u s of t h e c i r l c e 
CD3 , D 4 ] = p l o t _ c i r ( c e n i 1 , r a d i 1 , n d ) ; 
d e g = r a n d * 9 0 ; 
E X = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 9 , C l l ) ; 
c o o r ; 
end 
if B 2 = = 2 Sc B 3 = = 2 & B 4 = = 1 
ce210=Cl; % c e n t e r .of the e l l i p s e 
m ^ = C 3 ( 1 )； % x - a x i s l e n g t h 
n m = C 3 ( 2 )； % y - a x i s l e n g t h 
djegree=C3 {3) ； % d e g r e e of r o t a t i o n 
nsd=20 ； % n u m b e r of f i l l i n g line 
[ m , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
- c e 3 a i l = c 9 ； % c e n t e r o f t h e c i r c l e 
radil-Cll; % r a d i u s of the c i r l c e 
[EQ ,D4]=plo t_c i r (cen i l , rad i l ,nd) ; 
c ^ i 2 = C 5 ； % c e n t e r of the e l l i p s e 
m a 2 : C 7 ( l ) ; % x - a x i s l e n g t h 
mEt2=C7 (2 ) ； % y - a x i s l e n g t h 
d e ^ r e e 2 = C 7 ( 3 )； % d e g r e e of r o t a t i o n 
[ D 5 , D 6 ] = p l o t _ e l i (ceni2 , ma2,Tnn2 , d e g r e e 2 , nd); 
d e g ^ r a n d * 9 0; 
E:El=nld_3 (Dl,D2,deg, t h , D 3 , D 4 , D 5 , D 6 ) ; 
c o o r ; 
.,.'-' 
end 
if B2 = = 2 Sc B3= = 2 Sc B4 = = 2 
ceno=Cl; % c e n t e r of the e l l i p s e 
ma=C3(1)； % x - a x i s l e n g t h 
“ m n : C 3 ( 2 ) ; % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 ) ; % d e g r e e of r o t a t i o n 
nd=2 0 ; % n u m b e r of f i l l i n g line 
- [ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； , 
•- cenil=C5； % c e n t e r of the e l l i p s e 
‘ m a l = C 7 ( l ) ; %x-axis l e n g t h 
“ mnl=C7(2)； % y - a x i s l e n g t h 
degreel=C7(3)； % d e g r e e of r o t a t i o n 
•, 
• 
[D3 , D 4 ] = p l o t _ e l i (cenil,mal,mnl,degreel,nd)； .、： 
ceni2=C9； % c e n t e r of the e l l i p s e 
m a 2 = C l l ( l ) ; % x - a x i s l e n g t h 
m n 2 = C l l ( 2 ) ; % y - a x i s l e n g t h 
degree2=Cll(3)； % d e g r e e of r o t a t i o n 
[ D 5 , D 6 ] = p l o t _ e l i ( c e n i 2 , m a 2 , m n 2 ' d e g r e e ' n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 5 , D 6 ) ; 
coor; 
end 
if B2==2 & B 3 = = 2 & B4==3 
c e n o = C l ; % c e n t e r of the e l l i p s e 
., m a = C 3 (1) ； %x-axis l e n g t h 
m n = C 3 (2)； % y - a x i s l e n g t h 
degree=C3(3)； % d e g r e e of r o t a t i o n 
nd=2 0 ; % n u m b e r of filling line 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e ' n d ) ; 
cenil=C5； % c e n t e r of the e l l i p s e 
m a l = C 7 (1)； %x-axis l e n g t h 
m n l = C 7 (2)； %y-axis l e n g t h 
degreel=C7(3)； % d e g r e e of r o t a t i o n 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C l l , t h ) ; 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D15]; 
D 1 8 = [ D 1 2 D16]； -
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B2==2 & B 3 = = 2 & B4==4 
c e n o = C l ; %center of the ellipse 
m a = C 3 (1)； %x-axis length 
m n = C 3 ( 2 ) ; %y-axis length 
degree=C3(3)； %degree of rotation 
n d = 2 0 ; % n u m b e r of filling line 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e ' n d ) ; 
c e n i l = C 5 ; %center of the ellipse 
m a l = C 7 (1)； %x-axis length 
mnl=C7(2)； %y-axis length 
degreel=C7(3)； %degree of rotation 
[D3 , D 4 ] = p l o t _ e l i (cenil,mal,mnl, degreel,nd)； 
deg=rand*90； 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 9 , C l l )； 
coor; 
end 
“ if B2 = = 2 Sc B3= = 3 Sc B4 = = 1 
ceno=Cl; % c e n t e r of the e l l i p s e 
ma=C3(1)； %x-axis l e n g t h 
- m n = C 3 ( 2 ) ; %y-axis l e n g t h ， 
、 degree=C3(3)； % d e g r e e of r o t a t i o n 
^ n d = 2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
cenil==C9; %center of the c i r c l e 
r a d i l = C l l ; %radius of the cirl'ce 
[D3 , D 4 ] = p l o t _ c i r ( c e n i l , r a d i l ' n^1'; 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i (C7,th); 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 { i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D15]; 
D 1 8 = [ D 1 2 D16]; 
deg=rand*9,0; 
: E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 ) ; 
coor; 
end 
if B2==2 & B3==3 & B4==2 
“ ceno=Cl; %center of the e l l i p s e 
ma=C3(1)； %x-axis l e n g t h 
mn=C3(2)； %y-axis l e n g t h 
degree=C3(3)； % d e g r e e of r o t a t i o n 
nd=2 0;%number of f i l l i n g l i n e 
[Dl,D2]=plot__eli ( c e n l , m a , m n , d e g r e e , n d ) ; 
[D11, D12 , D13 , D 1 4 ] = p l o t _ s e m i (C7,th); 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D16 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D15]; 
D18=[D12 D16]； 
ceni2=C9,* %center of the e l l i p s e 
ma2=Cll{l)； %x-axis l e n g t h 
mn2=Cll(2)； %y-axis l e n g t h 
degree2=Cll(3)； % d e g r e e of r o t a t i o n 
•• 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n i 2 , m a 2 , m n 2 , d e g r e e , n d ) ; 
deg=rand*9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , D 1 7 , D 1 8 ) ; 
coor; 
end 
if B2==2 & B3==3 & B 4 ~ 3 
ceno=Cl; %center of the e l l i p s e 
ma=C3(1)； %x-axis l e n g t h 
mn=C3(2)； %y-axis l e n g t h 
degree=C3(3)； %degree of r o t a t i o n 
nd=2 0;%number of f i l l i n g line 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e ' n d ) ; 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 7 , th); 
for i=l:size(D12,2) 
D l 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D 1 5 ] ; 
D 1 8 = [ D 1 2 D 1 6 ] ; 
[ D 2 1 ,D 2 2 , D 2 3 , D 2 4 ] = p l o t _ s e m i ( C 1 1 , t h )； 
for i = l : s i z e ( D 2 2 , 2 ) 
.‘ D2 5 (i)=D23 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 2 6 ( i ) = D 2 4 ( s i z e ( D 1 2 , 2 ) + l - i )； 
end 
- D 2 7 = [ D 2 1 D25]； , 
• • D 2 8 = [ D 2 2 D2 6]; 
^ d e g = r a n d * 9 0; 
“ E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 2 7 , D 2 8 , D 1 7 , D 1 8 )； 
c o o r ; 
end T :. 
if B2==2 Sc B 3 = = 3 Sc B 4 = = 4 •、-
c e n o = C l ; % c e n t e r of the e l l i p s e 
ma=C3(1)； % x - a x i s l e n g t h 
m n = C 3 ( 2 ) ; % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 )； % d e g r e e of r o t a t i o n 
nd=2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D 1 5 ] ; 
“ D 1 8 = [ D 1 2 D 1 6 ] ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , C 9 , C l l , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B 2 = = 2 & B 3 = = 4 Sc B 4 = = 1 
c e n o = C l ; % c e n t e r of the e l l i p s e 
m a = C 3 ( 1 )； % x - a x i s l e n g t h 
mn=C3. (2 ) ； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 )； % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
cenil=C9； % c e n t e r of the c i r c l e 
r a d i l = C l l ; % r a d i u s of the c i r l c e 
[ D 3 , D 4 ] = p l o t _ c i r ( c e n i l , r a d i l , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , D 3 , D 4 , C 5 , C 7 ) ; 
c o o r ; 
end 
if B 2 = = 2 & B 3 = = 4 & B4==2 
c e n o = C l ; % c e n t e r of the e l l i p s e 
mcL=C3 (1) ； %x-axis l e n g t h 
mrL=C3 (2 ) ； %y-axis l e n g t h _ 
d e g r e e = C 3 (3)； % d e g r e e of r o t a t i o n 
n d = 2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D 1 • D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d ) ; 
c e n i l = C 9 ; % c e n t e r of the e l l i p s e 
m a l = C l l ( l )； %x-axis l e n g t h 
m n l = C l l ( 2 )； %y-axis l e n g t h 
d e g r e e l = C l l ( 3 )； % d e g r e e of r o t a t i o n 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n i l , m a i , m n l , d e g r e e l , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 (Dl,D2,deg, t h , D 3 , D 4 , C 5 , C 7 > ； 
coor； 
end 
if B2 = = 2 & B3= = 4 Sc B4 = = 3 
c e n o = C l ; % c e n t e r of the e l l i p s e 
•‘ m a = C 3 ( l ) ; % x - a x i s l e n g t h 
m n = C 3 ( 2 ) ; % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 ) ; % d e g r e e of r o t a t i o n 
- n d = 2 0 ; % n u m b e r of f i l l i n g l i n e 、 
• • [ D l , D 2 ] = p l o t _ e l i { c e n l , m a , m n , d e g r e e , n d ) ; 
[ D 1 1 , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C l l , t h ) ; 
“ for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D16 (i) =D14 (size (D12 , 2 ) +l'ri); 
e n d 、、‘ 
D 1 7 = [ D 1 1 D 1 5 ] ; 
D 1 8 = [ D 1 2 D 1 6 ] ; 
d e g = r a n d * 9 0; •• 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , C 5 , C 7 , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B2==2 Sc B 3 = = 4 & B 4 = = 4 
.ceno=Cl; % c e n t e r of t h e e l l i p s e 
m a = C 3 ( 1 )； % x - a x i s l e n g t h 
mn=C3(2)； % y - a x i s l e n g t h 
d e g r e e = C 3 ( 3 )； % d e g r e e of r o t a t i o n 
“ nd= 2 0 ; % n u m b e r of f i l l i n g line 
[ D l , D 2 ] = p l o t _ e l i { c e n l , m a , m n , d e g r e e , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D l , D 2 , d e g , t h , C 9 , C l l , C 5 , C 7 ) ; 
c o o r ; 
end 
if B 2 = = 3 Sc B 3 = = 1 & B 4 = = 1 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 , t h ) ; 
f o r i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i )； 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D 5 ] ; 
D 8 = [ D 4 D 6 ] ; 
c e n i = C 5 ; % c e n t e r of the c i r c l e 
radi=C7； % r a d i u s of the c i r l c e 
n d = 2 0; % n u m b e r ofi f i l l i n g line 
[ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i , r a d i , n d )； 
c e n i = C 9 ; % c e n t e r of the c i r c l e 
r a d i = C l l ; % r a d i u s of the c i r l c e 
[ D 1 1 , D 1 2 ] = p l o t _ c i r ( c e n i , r a d i‘nd); 
d e g = r a n d * 9 0; 
_ E l = n l d _ 2 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , D l l , D 1 2 )； • 
c o o r ; 
end 
if B 2 = = 3 Sc B 3 = = 1 Sc B4==2 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i (C3'th); 
f o r i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i )； 
D 6 ( i ) - D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D5]; 
D S = [ D 4 D6]; 
cejai=C5; % c e n t e r of the c i r c l e 
radi=C7; % r a d i u s of the c i r l c e 
nd=20; % n u m b e r of f i l l i n g line 
[D9 , D10] =plot__cir {ceni , radi • nd)； 
cenil=C9； % c e n t e r of the e l l i p s e 
^ mal=Cll{1)； % x - a x i s l e n g t h 
mnl=Cll(2)； % y - a x i s l e n g t h 
d e g r e e l = C l l ( 3 ) ; % d e g r e e of r o t a t i o n 
_ 
[ D l l , D i 2 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d )； 
^ d e g = r a n d * 9 0; 
“ E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , D l l , D 1 2 )； 
coor; 
end ,'': 
if B2==3 £c B 3 = = 1 & B4==3 .、-
[ D 1 , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 , t h ) ; 
for i=l：size(D2,2) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D6(i)=D4(si2Te(D2,2)+l-i); 
e n d 
D 7 = [ D 1 D5]; 
D 8 = [ D 4 D6]; 
cenil=C5； % c e n t e r of the c i r c l e 
.radil=C7 ； %radius of the c i r l c e 
nd=2 0; % n u m b e r of f i l l i n g line 
[ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i l , r a d i l , n d )； 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 1 1 , t h ) ; 
" f o r i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 { i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 { s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D15]； 
D 1 8 - [ D 1 2 D16]; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B 2 = = 3 & B 3 = = 1 Sc B4==4 
[D1, D2 , D3 , D4 ] =plot_s emi (C3,th); 
f o r i=l:size(D2,2) 
D 5 ( i ) = D 3 { s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 { i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
end 
D 7 = [ D 1 D5]; 
D 8 = [ D 4 D6]； , 
cenil=C5； %center of the circle 
radil=C7； %radius of the cirlce 
n d = 2 0; %number of filling line 
[ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i l , r a d i l , nd); 
d e g = r a n d * 9 0; 
- E l = n l d _ 3 {D7,D8,deg, th,D9.,D10,C9,Cll); 
c o o r ; 
end 
if B 2 = = 3 Sc B3==2 & B 4 = = 1 
[ D 1 , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 , t h ) ; 
f o x i=l:size(D2,2) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
ens5. 
D 7 = [ D 1 D5]; 
D S = [ D 4 D6]; 
ceaii=C9 ； %center of the circle 
radi=Cll; % r a d i u s of the c i r l c e 
nd=2 0; % n u m b e r of f i l l i n g line 
[ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i • r a d i , n d ) ; 
cenil=C5； % c e n t e r of the e l l i p s e 
•‘ mal=C7 (1) ； % x - a x i s l e n g t h 
mnl=C7(2)； % y - a x i s l e n g t h 
degreel=C7(3)； % d e g r e e of r o t a t i o n 
[ D l l , D l 2 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
d e g = r a n d * 9 0; 
“ E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , D l l , D 1 2 )； 
coor; 
end .‘； 
if B2==3 & B 3 = = 2 & B4==2 、-
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 , t h ) ; 
for i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i ^ e ( D 2 , 2 ) + l - i ) ; 
end 
D 7 = [ D 1 D5]; 
• D8=[D4 D6]; 
nd=20； 
c e n i l - C 5 ; '%.center of the e l l i p s e 
mal=C7(1)； % x - a x i s l e n g t h 
mnl=C7(2)； %y-axis l e n g t h 
degreel=C7(3)； % d e g r e e of r o t a t i o n 
[ D 9 , D 1 0 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
ceni2=C9； % c e n t e r of the e l l i p s e 
ma2=Cll(l)； %x-axis l e n g t h 
mn2=Cll(2)； % y - a x i s l e n g t h 
degree2=Cll{3)； % d e g r e e of r o t a t i o n 
[Dll,D12]=plot_eli (ceni2,ma2,mn2,degree2,nd); 
d e g = r a n d * 9 0; 
El=nld_3 (D7,D8,deg, t h , D 9 , D 1 0 , D l l , D 1 2 ) ; 
coor; 
end 
if B2==3 & B 3 = = 2 & B4==3 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 , t h ) ; 
for i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 




nd=2 0 ; % n u m b e r of f i l l i n g line 
cenil=C5； %center of the e l l i p s e 
mal=C7(1)； %x-axis l e n g t h 
mnl=C7{2)； %y-axis l e n g t h 
degreel=C7(3)； % d e g r e e of r o t a t i o n 
[D9,D10]=plot_eli{cenil,mal,mnl,degreel,nd)； 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i (Cll,th); 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 { s i z e { D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 - [ D 1 1 D15]; 
D18=[D12 D16]; 
deg=rand*9 0; 
El = nld_3 (D7,D8,deg, t h , D 9 , D 1 0 , D 1 7 , D 1 8 )； 
coor； 
end 
if B2 = = 3 Sc B 3 : = 2 & B4 = = 4 
‘ [ D 1 , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 ' t h ) ; 
for i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e { D 2 , 2 ) + l - i ) ; 
- D 6 ( i ) = D 4 ( s i z e { D 2 , 2 ) + l - i )； , 
‘ end 
^ D 7 = [ D 1 D 5 ] ; 
D 8 = [ D 4 D 6 ] ; 
nd=2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ e l i ( c e n l , m a , m n , d e g r e e , n d )； 
c e n i l = C 5 ; % c e n t e r of the ellip:^b 
mal=C7(1)； % x - a x i s l e n g t h 
mnl=C7(2)； % y - a x i s l e n g t h 
d e g r e e l = C 7 { 3 ) ; % d e g r e e of r o t a t i o n 
[ D 9 , D 1 0 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , C 9 , C l l ) ; 
coor； 
end 
if B2==3 & B 3 = = 3 & B 4 = = 1 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 ' t h ) ; 
f o r i = l : s i z e { D 2 , 2 ) 
•• D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D5]; 
D S = [ D 4 D6]; 
[ D l l , D U , D l 3 , D 1 4 ] = p l o t _ s e m i (C7,th); 
f o r i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D15]; 
D 1 8 = [ D 1 2 D16]; 
cenil=C9； % c e n t e r of the c i r c l e 
r a d i l = C l l ; %radius of the c i r l c e 
n d = 2 0 ; % m u n b e r of f i l l i n g line 
[ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i l , r a d i l ' n d ) ; 
d e g = r a n d * 9 0; -
E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B 2 = = 3 & B3==3 & B4==2 
[D1, D2 • D3 ,.D4]=plot_semi (C3 ‘ th); 
f o r i = l:si-ze(D2,2)-
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i )； 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
end 
D 7 = [ D 1 D5]; 
D 8 = [D4 D6]; 
[D11, D12 , D13 , D 1 4 ] = p l o t _ s e m i (C7' th); 
f o r i=l:size(D12,2) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D16 (i)=D14(size(D12,2)+l-i); 
ersd 
D 1 7 = [ D 1 1 D15]； 
D 1 8 = [ D 1 2 D16]； 
nd=2 0 ; % n u m b e r of f i l l i n g line 
cenil=C9； % c e n t e r of the e l l i p s e 
m a l = C l l { 1 )； % x - a x i s l e n g t h 
‘ m n l = C l l ( 2 ) ; % y - a x i s l e n g t h 
d e g r e e l = C l l ( 3 )； % d e g r e e of r o t a t i o n 
- [ D 9 , D 1 0 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d )； 、 
“ d e g = r a n d * 9 0； 
^ E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , D 1 7 , D 1 8 )； 
coor； 
end 
if B2==3 Sc B 3 = = 3 Sc B4==3 ’'： 
[D1, D2 , D3 , D4 ] = p l o t _ s e m i (C3 , th)〉、 
f o r i = l : s i z e ( D 2 , 2 ) 
D5{i)=D3(size(D2,2)+l-i)；. 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D 5 ] ; 
D 8 = [ D 4 D 6 ] ; 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
f o r i = l : s i z e ( D 1 2 , 2 ) 
D15(i.)=D13 ( s i z e { D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D 1 5 ] ; 
.• D 1 8 = [ D 1 2 D 1 6 ] ; 
[D21,D22,D23,D24]=plot_semi(Cll,th); 
f o r i = l： s i z e ( D 2 2 , 2 ) 
D 2 5 ( i ) = D 2 3 ( s i z e ( D 2 2 , 2 ) + l - i ) ; 
D 2 6 ( i ) = D 2 4 ( s i z e ( D 2 2 , 2 ) + l - i ) ; 
e n d 
D 2 7 = [ D 2 1 D2 5]; 
D 2 8 = [ D 2 2 D 2 6 ] ; 
d e g = r a n d * 90 ； 
E l = n l d _ 3 (D7,D8,deg, t h , D 2 7 , D 2 8 , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B 2 = = 3 Sc B 3 = = 3 & B4==4 
[D1, D2 , D3 , D 4 ] = p l o t _ s e m i (C3,th); 
f o r i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
en«3 --
D 7 = [ D 1 D 5 ] ; 
D 8 = [ D 4 D 6 ] ; 
r D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i (C7,th); 
f o r i = l : s i z e ( D 1 2 , 2 ) 
D15 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
en<a 
D 1 7 = [ D 1 1 D 1 5 ] ; 
D 1 8 = [ D 1 2 D16]; 
deg=rand*9 0; 
E l = n l d _ 3 (D7,D8,deg, t h , C 9 , C l l , D 1 7 , D 1 8 ) ; 
c o o r ; 
end 
if B 2 = = 3 Sc B 3 = = 4 Sc B 4 = = 1 
[ m , D 2 , D 3 , D 4 ] = p l o t _ s e m i (C3,th); 
fsar i = l ： size (D2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e { D 2 , 2 ) + l - i )； 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 > + l - i ) ; 
‘ end 
D 7 = [ D 1 D5]; 
D8=[D4 D6]; 
.‘ cenil=C9 ； % c e n t e r of the c i r c l e 
r a d i l = C l l ; %radius of the c i r l c e 
nd=2 0; % n u m b e r of f i l l i n g line 
- [ D 9 , D 1 0 ] = p l o t _ c i r ( c e n i l , r a d i l , n d )； , 
•• d e g = r a n d * 9 0; 
^ E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , C 5 , C 7 ) ; 
coor； 
end 
if B2==3 Sc B3 = = 4 & B4 = = 2 ，:‘ 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i (C3, th)>、 
for i = l : s i z e ( D 2 , 2 ) 
D 5 { i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i )； 
end •• 
D 7 = [ D 1 D5]; 
D8=[D4 D6]; 
nd=2 0 ; % n u m b e r of f i l l i n g line 
[ D l , D 2 ] = p l o t _ e l i { c e n l , m a , m n , d e g r e e , n d ) ; 
cenil=C9； % c e n t e r of the e l l i p s e 
mal=Cll(l)； %x-axis l e n g t h 
mnl=Cll(2)； %y-axis l e n g t h 
degreel=Cll(3)； % d e g r e e of r o t a t i o n 
_ 
[ D 9 , D 1 0 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , D 9 , D 1 0 , C 5 , C 7 ) ; 
coor; 
end 
if B2==3 Sc B 3 = = 4 & B4==3 
[ D 1 , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 3 , t h ) ; 
for i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
end 
D 7 = [ D 1 D5]; 
D8=[D4 D6]; 
[Dll,D12, D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
for i=l:size(D12,2) 
D 1 5 ( i ) - D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = C D 1 1 D15]; 
D18=[D12 D16]； 
deg=rand*9 0; 
E l = n l d _ 3 ( D 7 , D 8 , d e g , t h , C 5 , C 7 , D 1 7 , D 1 8 ) ; 
coor; - . 
end 
if B2==3 Sc B3==4 & B4==4 
[Dl,D2,D3,D4]=plot_semi(C3,th); 
for i=l:size(D2,2) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 








if B2 = = 4 & B 3 = = 1 Sc B4 = = 1 
ceni=C5； % c e n t e r of the c i r c l e 
.‘ r a d i = C 7 ; %radius of the c i r l c e < 
n d = 2 0 ; % n u m b e r of f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ c i r { c e n i , radi,nd)； 
- c e n i = C 9 ; % c e n t e r of the c i r c l e ， 
** r a d i = C l l ; %radius of the c i r l c e 
^ [ D 3 , D 4 ] = p l o t _ c i r ( c e n i , r a d i , n d ) ; 
“ d e g = r a n d * 9 0; 
E l = n l d _ 2 ( C l , C 3 , d e g , t h , D 3 , D 4 , D l , D 2 ) ; 
coor； ，'.‘ . 
end .、、• 
if 32 = = 4 Sc B3 = = 1 Sc B4 = = 2 
ceni=C5； % c e n t e r of the c i r c l e , 
radi=C7； % r a d i u s of the cirlce' 
nd=2 0; % n u m b e r o f f i l l i n g l i n e 
[ D l , D 2 ] = p l o t _ c i r ( c e n i , r a d i , n d ) ; 
cenil=C9； % c e n t e r of the e l l i p s e 
m a l = C l l ( l )； %x-axis l e n g t h 
m n l = C l l ( 2 )； %y-axis l e n g t h 
.degreel=Cll(3)； % d e g r e e of r o t a t i o n 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n i l , m a l , n m l , d e g r e e l , n d ) ; 
d e g = r a n d * 9 0; 
•• E l = n l d _ 3 (Cl,C3,deg, t h , D l , D 2 , D 3 , D 4 ) ; 
coor； 
end 
if B2==4 & B 3 = = 1 & B4==3 
c e n i l = C 5 ; % c e n t e r of the c i r c l e 
radil=C7； %radius of the c i r l c e 
nd=2 0; % n u m b e r of f i l l i n g line 
[ D l , D 2 ] = p l o t _ c i r ( c e n i l , r a d i l , n d ) ; 
[ D 1 1 , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 1 1 , t h ) ; 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e { D 1 2 , 2 ) + l - i ) ; 
end 
D 1 7 = [ D 1 1 D15]； 
D 1 8 = [ D 1 2 D16]; 
d e g = r a n d * 9 0 ; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , D 1 7 , D 1 8 ) ; 
coor； •-
end 
if B2==4 & B 3 = = 1 & B4==4 
c e n i l = C 5 ; % c e n t e r of the c i r c l e 
radil=C7； %radius of the c i r l c e 
nd=2 0; % n i m b e r of f i l l i n g line 
- ‘ [Dl , D 2 ] = p l o t _ c i r { c e n i l , r a d i l , n d )； 
d e g = r a n d * 9 0； 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , C 9 , C l l ) ; 
c o o r ; 
end 
if B2==4 & B 3 = = 2 & B4==1 
ceni=C9； %center of the c i r c l e 
r a d i = C l l ; %radius of the c i r l c e 
nd=2 0; % n u m b e r of f i l l i n g line 
[ D 1 • D 2 ] = p l o t _ c i r { c e n i , r a d i , n d ) ; 
cenil=C5； %center of the e l l i p s e 
mal=C7(1)； %x-axis l e n g t h 
m n l = C 7 ( 2 ) ; % y - a x i s l e n g t h 
d e g r e e l = C 7 (3)； % d e g r e e of r o t a t i o n 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
“ _ d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , D 3 , D 4 )； 
c o o r ; 
- end , 
.. if B2 = = 4 Sc B 3 = = 2 Sc B4 = = 2 
cenil=C5； % c e n t e r of the e l l i p s e 
*" m a l = C 7 (1) ； % x - a x i s l e n g t h 
m n l = C 7 ( 2 )； % y - a x i s l e n g t h 
d e g r e e l = C 7 ( 3 )； % d e g r e e of r o t a t i o n 
nd=2 0; % n u m b e r of f i l l i n g line.、： 
[ D l , D 2 ] = p l o t _ e l i { c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
c e n i 2 = C 9 ; % c e n t e r of the e l l i p s e 
m a 2 = C l l ( l ) ； %x-axi.s l e n g t h 
m n 2 = C l l ( 2 )； % y - a x i s l e n g t h 
d e g r e e 2 = C l l ( 3 )； % d e g r e e of r o t a t i o n 
[ D 3 , D 4 ] = p l o t _ e l i ( c e n i 2 , m a 2 , m n 2 , d e g r e e 2 , n d ) ; 
.deg=rand*9 0.; 
E l = n l d _ 3 (Cl,C3,deg, t h , D l , D 2 , D 3 , D 4 )； 
c o o r ; 
end 
- if B 2 = = 4 Sc B 3 = = 2 & B4==3 
n d = 2 0 ; % n u m b e r of f i l l i n g line 
cenil=C5； % c e n t e r of the e l l i p s e 
m a l = C 7 ( 1 )； % x - a x i s l e n g t h 
m n l = C 7 ( 2 ) ; % y - a x i s l e n g t h 
d 6 g r e e l = C 7 ( 3 )； % d e g r e e of r o t a t i o n 
[ D l , D 2 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
[ D l l , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C l l , t h ) ; 
f o r i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e { D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 { s i z e { D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D 1 5 ] ; 
D 1 8 = [ D 1 2 D 1 6 ] ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , D 1 7 , D 1 8 ) ; 
c o o r ; ^ 
end 
if B 2 = = 4 & B 3 = = 2 Sc B4= = 4 
n d = 2 0 ; % n u m b e r of f i l l i n g line 
cenil=C5； % c e n t e r of the e l l i p s e 
mal=C7{1)； %x-axis l e n g t h 
mnl=C7(2)； %y-axis l e n g t h 
d e g r e e l = C 7 ( 3 )； % d e g r e e of r o t a t i o n 
[ D 1 , D 2 ] = p l o t _ e l i ( c e n i l , m a l , m n l , d e g r e e l , n d ) ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , C 9 , C l l ) ; 
coor； 
end 
if B 2 = = 4 Sc B3==3 & B 4 = = 1 
c_enil=C9; % c e n t e r of the circle 
ra<3il=Cll; %radius of the c i r l c e 
n d = 2 0; % n u m b e r of f i l l i n g line 
[ D l , D 2 ] = p l o t _ c i r ( c e n i l , r a d i l , n d ) ; 
[ D 1 1 , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
for i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
•‘ D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D 1 5 ] ; 
- D 1 8 = [ D 1 2 D16]； , 
•- d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , D 1 7 , D 1 8 )； 
coor； 
e n d 
if B2 = = 4 & B3 = = 3 Sc B 4 = = 2 J: 
n d = 2 0； \ 
cenil=C9； % c e n t e r of the e l l i p s e 
m a l = C l l ( l )； % x - a x i s l e n g t h 
m n l = C l l ( 2 )； % y - a x i s l e n g t h ； 
d e g r e e l = C l l ( 3 ) ; % d e g r e e of r o t a t i o n 
[ D l , D 2 ] = p l o t _ e l i ( c e n i l , m a l , n u i l , d e g r e e l , n d ) ; 
[D11, D12 , D13 , D 1 4 ] = p l o t _ s e m i (C7,th); 
f o r i = l : s i z e ( D 1 2 , 2 ) 
D 1 5 {i.)=D13 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d 
D 1 7 = [ D 1 1 D 1 5 ] ; 
- D 1 8 = [ D 1 2 D 1 6 ] ; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 (Cl,C3,deg, t h , D l , D 2 , D 1 7 , D 1 8 ) ; 
coor； 
end 
if B 2 = = 4 & B 3 = = 3 & B4==3 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
f o r i = l : s i z e ( D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e { D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
e n d 
D 7 = [ D 1 D 5 ] ; 
D 8 = [ D 2 D 6 ] ; 
[ D 1 1 , D 1 2 , D 1 3 , D 1 4 ] = p l o t _ s e m i ( C 1 1 , t h ) ; 
f o r i - l : s i z e ( D 1 2 , 2 ) 
D 1 5 ( i ) = D 1 3 { s i z e ( D 1 2 , 2 ) + l - i ) ; 
D 1 6 ( i ) = D 1 4 ( s i z e ( D 1 2 , 2 ) + l - i ) ; 
e n d , 
D 1 7 = [ D 1 1 D 1 5 ] ; 
D 1 8 = [ D 1 2 D16]; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D 7 , D 8 , D 1 7 , D 1 8 ) ; 
c o o r ； 
end _ _ 
if B 2 = = 4 & B3==3 & B4==4 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 7 , t h ) ; 
f o r i = l : s i z e ( D 2 , 2 ) 
D5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
end 
D 7 = [ D 1 D5]; 
D 8 = [D2 D6]; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 (C1,C3,deg• t h , D 7 , D 8 , C 9 , C 1 1 ) ; 
coor； 
end 
if B2 = = 4 Sc B3 = = 4 & B4 = = 1 
cenil=C9； % c e n t e r of the c i r c l e 
r a d i l = C l l ; %radius of the c i r l c e 
‘ nd=20; % n u m b e r of f i l l i n g line 
[ D 1 , D 2 ] = p l o t _ c i r ( c e n i l , r a d i l , n d )； 
d e g = r a n d * 9 0; 
- E l = n l d _ 3 ( C l , C 3 , d e g , th,Dl,D2,C5,C7)； . 
‘“ coor; 
end 
" if B2==4 & B 3 = = 4 & B4==2 
nd=2 0 ; % n u m b e r of f i l l i n g line 
cenil=C9； % c e n t e r of the e l l i p s e 
m a l - C l l ( l ) ; % x - a x i s l e n g t h 、’ 
mnl=Cll(2)； % y - a x i s l e n g t h 
degreel=Cll(3)； % d e g r e e of r o t a t i o n 
[Dl,D2 ] = p l o t _ e l i (cenil,mal,mnl,degreel'nd)'; 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D l , D 2 , C 5 , C 7 ) ; 
coor; 
end 
if B2:=4 & B 3 = = 4 & B4==3 
[ D l , D 2 , D 3 , D 4 ] = p l o t _ s e m i ( C 1 1 , t h ) ; 
for i = l : s i z e { D 2 , 2 ) 
D 5 ( i ) = D 3 ( s i z e ( D 2 , 2 ) + l - i ) ; 
.' D 6 ( i ) = D 4 ( s i z e ( D 2 , 2 ) + l - i ) ; 
end 
D 7 = [ D 1 D5]; 
D8=[D2 D6]； 
d e g = r a n d * 9 0; 
E l = n l d _ 3 ( C l , C 3 , d e g , t h , D 7 , D 8 , C 5 , C 7 ) ; 
coor; 
end 
if B2==4 Sc B 3 = = 4 Sc B4==4 
deg=rand*9 0; 
El=nld_3 (Cl,C3,3 0,t:h,C9,Cll,C5,C7); 
coor; 
end 














f u n c t i o n [ x , y ] = p l o t _ c i r ( c e n t e r , r a d i u s , n d ) 
•I 
t h e t a = [ 0 : 2 * p i / n d : 2 * p i ] ; 
for i=l：l:nd+l 
- x ( i ) = c e n t e r ( l ) + r a d i u s * c o s ( t h e t a ( l , i)); 
- y ( i ) = c e n t e r ( 2 ) + r a d i u s * s i n ( t h e t a ( l , i))； ‘ 
end 
% p l o t ( x , y , ' r ^ ) 
%for i = l : l : 1 0 1 / 
%a=Cx{i) ,x{i) ] ； \ . 
% b = [ y ( i ) , y ( 1 0 2 - i ) ]； 、 
%plot(a,b)； 
% h o l d on 
%end .. 
plot_semi,m 
f u n c t i o n [ x , y , x l , y l ] = p l o t _ s e m i ( p t s , th) 
x c = { p t s ( 1 ) + p t s ( 3 ) ) / 2 ; %x-coordinate of centre of s e m i - c i r c l e 
y c = { p t s { 2 ) + p t s (4))/2; %y-coordinate of centre of s e m i - c i r c l e 
r c = r o u n d { s q r t ( ( p t s ( l ) - x c ) " 2 + ( p t s ( 2 ) - y c ) " 2 ) ) ; 
nd=floor{rc*p'i/th) ;%number of filling line 
if y c < p t s ( 2 ) 
if p t s ( 5 ) > x c 
if xc>pts(1) 
if p t s ( 1 ) ~ = x c 





p h i { i ) = p h i l - p i * ( i - l ) / n d ; 
end 
for i=l:l:nd ‘ 
X{i)= x c + r c * c o s ( p h i ( i ) ) ; 





















if x c > p t s ( 1 ) 
if p t s ( l ) - = x c 
p h i l = a t a n ( ( p t s ( 2 ) - y c ) / ( p t s ( l ) - x c ) ) ; 
else 
p h i l = p i / 2 ; 
end 
for i = l : n d 
- p h i ( i ) = p h i l - p i * ( i - l ) / n d ; , 
‘‘ end 
^ for i = l : l : n d 
x ( i ) = x c + r c * c o s ( p h i ( i ) ) ; 
y ( i ) = y c + r c * s i n ( p h i ( i ) )； _ 
end 
x ( n d + l ) = p t s ( l ) ； •、、、 
y ( n d + l ) = p t s { 2 ) ; 
e 1 s e 
if p t s ( l ) - = x c 
p h i l = - ( p i - a t a n ( a b s ( p t s ( 2 ) - y c ) / a b s ( p t s ( l ) -
xc)))； 
else 
p h i l = p i / 2 ; 
end 
for i = l : n d . 
p h i ( i ) = p h i l - p i * ( i - l ) / n d ; 
end 
for i = l : l : n d 
“ x ( i ) = x c + r c * G o s ( p h i ( i ) ) ; 
y ( i ) = y c + r c * s i n ( p h i ( i ) ) ; 
end 
x ( n d + l ) = p t s ( l ) ; 
y ( n d + l ) = p t s ( 2 ) ; 
e n d 
e n d 
elseif y c > p t s ( 2 ) 
if p t s ( 5 ) > x c 
if x c < p t s ( l ) I x c = = p t s ( l ) 
if p t s { l ) - = x c 
p h i l = - a t a n ( a b s ( ( p t s ( 2 ) - y c ) / { p t s ( l ) - x c ) ) ) ; 
else 
p h i l = p i / 2 ; 
end 
for i = l:nd •-
p h i ( i ) = p h i l + p i * ( i - l ) / n d ; 
end 
for i=l:1：nd 
x { i ) = x c + r c * c o s ( p h i ( i ) ) ; 
y ( i ) = y c + r c * s i n { p h i ( i ) ) ; 
- - end 
else 
if p t s ( 1 ) - = x c 









y ( i ) = y c + r c * s i n ( p h i ( i ) ) ; 
end 
e n d 
x ( n d + l ) = p t s ( 3 ) ; 
‘ y ( n d + l ) = p t s ( 4 ) ; 
e l s e 
if x c < p t s ( l ) I x c = = p t s ( l ) 
- if pt:s(l)-=xc , 
•. p h i l = - a t a n ( a b s ( ( p t s ( 2 ) - y c ) / ( p t s ( l ) - x c ) ) ) ; 
^ e l s e 
p h i l = p i / 2 ; 
e n d 
for i = l : n d ，•‘ 
p h i ( i ) = p h i l - p i * ( i - l ) /nd; .、、• 
e n d 
for i = l : l : n d 
x { i ) = x c + r c * c o s ( p h i ( i ) ) ; 
y ( i ) = y c + r c * s i n ( p h i (i) ) ； •• 
e n d 
e l s e 
if p t s ( l ) - = x c 
p h i l = a t a n ( a b s ( ( p t s ( 2 ) - y c ) / ( p t s ( l ) - x c ) ) ) - p i ; 
e l s e 
p h i l = p i / 2 ; 
e n d 
for i = l : n d 
‘ p h i ( i ) = p h i l - p i * ( i - l ) / n d ; 
e n d 
for i = l : l : n d 
X ( i ) = x c + r c * c o s ( p h i { i ) ) ; 
y ( i ) = y c + r c * s i n ( p h i ( i ) ) ; 
e n d 
e n d 
x { n d + l ) = p t s (3); 
y ( n d + l ) = p t s ( 4 ) ; 
e n d 
e l s e 
if x c > p t s ( 1 ) 
if y c < p t s ( 6 ) 
p h i = [ 0 : p i / n d : p i ] ; 
for i = l : l ; n d + l 
X ( i ) = x c + r c * c o s ( p h i { i ) ) ; 
y { i ) = y c + r c * s i n ( p h i ( i ) ) ; 
e n d z 
e l s e 
p h i = [ 0 : - p i / n d : - p i ] ; 
for i = l : l : n d + l 
x ( i ) = x c + r c * c o s ( p h i ( i ) )； 
y ( i ) = y c + r c * s i n ( p h i { i ) ) ; 
e n d 
e n d 
e l s e 
if y c < p t s { 6 ) 
phi=[0：pi/nd：pi]; 
for i = l : l : n d + l 
X ( i ) - x c + r c * c o s ( p h i ( i ) ) ; 
y ( i ) = y c + r c * s i n { p h i ( i ) ) ; 
e n d 
e l s e 
phi=[0：-pi/nd：-pi]; 
for i = l : l : n d + l 
x ( i ) = x c + r c * c o s ( p h i ( i ) ) ; 
y ( i ) = y c + r c * s i n ( p h i ( i ) ) ; 
e n d 
.‘ e n d 
e n d 
e n d 
‘ for i=l：1：nd+1 ‘ 
x l ( i ) = p t s ( D + (pts(3) - p t s ( l ) ) * ( i - l ) / n d ; 
y l ( i ) = p t s ( 2 ) + ( p t s ( 4 ) - p t s ( 2 ) ) * ( i - l ) / n d ; 
end 
for i = l : l : n d + l , 
x2 (i, :) = [x(i) xl(i)]； ，.'、. 
y 2 ( i , :) = [y(i) yl(i)]； 、、 
% p l o t ( x 2 ( i , ：),y2(i,：)); 
% h o l d o n 
end < 
plot—eli.m 
f u n c t i o n - [ x l , y l ] = p l o t _ e l i ( c e n t e r , m a j _ a x , m i n _ a x , a n g l e l , n d ) 
a = m a j _ a x ; 
b = m i n _ a x ; 
c = s q r t ( a ^ 2 - b " 2 ) ; 
t h e t a = [ 0 : 2 * p i / n d : 2 * p i ] ; 
for i = l : n d + l 
r = s q r t ( a ^ 2 * b ^ 2 / { b ^ 2 * ( c o s { t h e t a ( i ) ) ) * ( c o s ( t h e t a ( i ) ) ) + a ^ 2 * ( s i n ( t h e t a ( i ) 
) ) * ( s i n ( t h e t a { i ) ) ) ) ) ; 
x ( i ) = c e n t e r ( l ) + r * c o s ( t h e t a ( i ) ) ; 
y ( i ) = c e n t e r ( 2 ) + r * s i n ( t h e t a ( i ) ) ; 
a n g l e = a n g l e l * p i / 1 8 0 ; 
x l ( i ) = ( x ( i ) - c e n t e r ( l ) ) * c o s ( a n g l e ) - (y(i)-
c e n t e r ( 2 ) ) * s i n ( a n g l e ) + c e n t e r ( 1 ) ； 
y l ( i ) = ( x ( i ) - c e n t e r ( l ) ) * s i n ( a n g l e ) + (y(i)-
c e n t e r ( 2 ) ) * c o s ( a n g l e ) + c e n t e r ( 2 ) ; 
% y 2 ( i ) = b * s q r t ( l - ( x ( i ) - c e n t e r { l ) ) " 2 / a " 2 ) ; 
% y 3 ( i ) = x ( i ) * s i n ( a n g l e ) + ( c e n t e r { 2 ) + y 2 ( i ) ) * c o s ( a n g l e ) ; 
% y 4 { i ) = x ( i ) * s i n ( a n g l e ) + ( c e n t e r ( 2 ) - y 2 ( i ) ) * c o s ( a n g l e ) ; 
end ‘ 
%plot(xl,yl,‘r‘) 
% h o l d on 
% f o r i = l : f l o o r ( ( n d + l ) / 2 ) 
% p = [ x l ( i ) , x l ( n d + 2 - i ) ]； 
% q = [ y l { i ) ,yl(nd+2-i)]； - . 
% p l o t ( p , q , ' r ' ) ; 
% h o l d on 
% e n d 
Plot . G 
#include “c：\xxx\portl .h" 
/••*•••••••••••••••••••••*••••••••••••••••••••••••••••••••••••••/ 
. //define the global varibles 
struct b u f f e r _ t y p e buffer; // serial port buffer structure 
•^••••••••••^•^•••••••••••••••••*•••••••••••••••••••••••••••••••女/ 
// define the Com2 interrupt 
tf. 
void far interrupt serial_handler () ':、、. 
{ 、 
char iir; 
char data; ,' 
char no； , 
char temp； 
disable (); 
iir = inp{IIR)； 
switch(iir) 
{ case (6) : temp = inp(LSR); 
if{ { temp > 1) ScSc (temp < 0x2 0)) 
break; 
case(4)： data=inp(COM2); 
buffer.indata[ buffer.infirst ] = data; 




II if THR is empty, put a charactor into COM from the 
outbuffer. 
//if there are characters in the outdata 
case{2)： if( buffer.outNum>0 ) 
{ outportb(COM2,buffer.outdata[buffer.outlast]); 







outportb(0x2 0, 0x20)； 
enable()； 
} 
j • * • • • •女女女• • •女* • *• • • •女女•女女*女• •女•女•女女• •女女女•女*女女女女女女女女*女女• * •女• • * * * * ！ 
//initializes the serial interrupt 
void setComInt() 
{ u n s i g n e d char Mask; 
//where 0x0c is the location of C0M1 
setvect(OxOb,serial_handler)； 
/ / s e t this i n t e r r u p t f u n c t i o n (serial—handler) to 
// the IRQ4 a d d r e s s 0x0c 
. o u t p o r t b ( I E R , 0 x 0 3 ) ; //set for i n t e r r u p t w h e n t r a n s m i t a n d r e c e i v e 
o u t p o r t b ( M C R , 0 x 0 8 ) ; " e n a b l e the a b o v e i n t e r r u p t 
o u t p o r t b ( M S R , 0 x 0 0 )； 
一 、 
M a s k = i n p o r t b ( 0 x 2 1 ) ； " e n a b l e IRQ4 b y g e t t i n g 
M a s k Sc= 0x^7; / / a p p r o v e f r o m the 8259 
o u t p o r t b ( 0 x 2 1 , M a s k )； //bit 4 n e e d b e o f f . 
inportb(LSR)； "、.. 
i n p o r t b ( C O M 2 )； 、. 
i n p o r t b ( I I R ) ; 
i n p o r t b ( M S R ) ; 
} . ,•••••••••••••*•••*•••••••••••••*•*•••**••••••••••••••••••••••/ 
// set the b a u d rate for COM2 to 9 6 0 0 , 8 , N , 1 
v o i d s e t C o m B a u d ( ) 
{ ‘ 
o u t p o r t b ( L C R , 0 x 8 0 ) ; 
o u t p o r t b { B R D L , O x O c ) ； //set to 9 60 0bps 
o u t p o r t b ( B R D H , 0 x 0 0 ) ； //set to 9 60 0bps 
o u t p o r t b ( L C R ; 0 x 0 3 ) ； / / 8 , N , 1 
) • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • * • • / 
^••••••••••••••••••••••••••••••••••••••••••*••*••••••••••••*•*••••••女 
/ 
//put o n e c h a r a c t e r from the b u f f e r q u e n e 
v o i d c o m m _ p u t c { c h a r data) 
{ 
// if it r e a c h the end of the b u f f e r , w r a p it 
b u f f e r . o u t d a t a [ b u f f e r . o u t f i r s t ] = data；. 
b u f f e r . o u t f i r s t = ( b u f f e r . o u t f i r s t + l ) % O U T _ B U F _ S I Z E ; 
b u f f e r . o u t N u m + + ; 
if( inp(LSR) Sc 0x2 0) 
{ o u t p o r t b ( I E R , 0 x 0 3 ) ; > 
/ • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • * • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
" 
//send o n e s t r i n g out ‘ 
v o i d c o m m _ p u t s ( c h a r *string) 
{ 
w h i l e ( * s t r i n g != ‘\0‘) 
{ comm. p u t c (*string)； 
s t r i n g + + ; } - -
} 
I女女•女女女女•女• • 女 女 • 女 女 女 女 女 女 女 女 • 女 女 女 . i . 女 女 女 女 * 女 女 女 女 • * • * 女 女 女 女 * • * * * * * * • 女 • * • * * * • • 女 • 女 * * * 
• • ！ 
II g e t o n e c h a r a c t e r from the com 
char comKi_getc (char *data) 
{ // to g e t a char from the serial p o r t if the b u f f e r . i n N u m 
I I is n o t b e equal to zero 
//if no data in the b u f f e r , it returns -1' 
//if d a t a is in the b u f f e r , it returns 0. 
i f ( b u f f e r . i n N u m != 0 ) 
( *data = b u f f e r . i n d a t a [ b u f f e r . i n l a s t ] ; 
b u f f e r . i n l a s t = ( b u f f e r . i n l a s t + l ) % I N _ B U F _ S I Z E ; 
b u f f e r . i n N u m - - ; 
.. return(0) ； } 
return(-1)； 
� • • • • • • • • * • • • • • • • • • * • • • • • • • • * • * • • * • * • • • • * • • • • • • * • • • • • • • • • * • • * * • • • * / 
- v o i d c o m m _ i n C l e a r ( ) ‘ 
{ II i n i t i a i i z e the i n p u t b u f f e r such that we can g e t the 
// s e n s o r d a t a at the i n i t i a l p o s i t i o n 
d i s a b l e ( ) ; 
b u f f e r . i n f i r s t = 0 ； .: 
b u f f e r . i n l a s t = 0 ； •'、 
b u f f e r . i n N u m 二 0; “ 
e n a b l e {)； ) 
^•••••••••••••••••••••*•••••••••••*•••••••••••••••••••••••••••女女女女女/ 
,•••••••••••••••••••••*•*••••••••••••••••*••*•••••••••••••••••••*•/ 
v o i d c o m m _ o u t C l e a r ( ) 
{ // i n i t i a l i z e the o u t p u t b u f f e r such that we can g e t the 
// s e n s o r d a t a at the i n i t i a l position,, 
d i s a b l e ( ) ; 
b u f f e r - o u t f i r s t = 0 ； 
b u f f e r . o u t l a s t = 0 ; 
b u f f e r . o u t N u m = 0 ; 
enable()；‘ > 
^••••••••••••••••*•••••**•••••••••••••*•••*••••••••••••*•••••••••女女/ 
// T h i s is a trial p r o g r a m 
I I "co.txt" contains color index 
I I "bkl.txt" contains s t r a i g h t line p o i n t s 
//l=bla_ck, 3 = r e d , 4=yellow; 
// 5 = g r e e n , 6=blue, 7=grey; 
v o i d m a i n ( v o i d ) 
{ int i , j , k , n c , nl, k l , k2,ran; 
F I L E *ipl, *ip2; 
s e t C o m I n t ( ) ; 
setCornBaud (); 
c o m m _ i n C l e a r ( ) ; 
c o m m _ o u t C l e a r ( ) ; 
i p l = f o p e n ( " c o . t x t " , “r“)； -
- if (ipl==NULL) { 
p r i n t f ( " T h e file is empty\n"); 
} 
n c = 0 ; 
w h i l e (fscanf(ipl, "%d", &i) l=EOF){ 
- - nc++; 
> 
c o m m _ p u t c ( ( c h a r ) n c ) ; 
/ / p r i n t f ( " T h e number of color is %d\n",n); 
for (j=0;j<nc;j++) { 
nl = 0; 
fscanf(ipl, "%d",&i); 
switch (i) { 
case 11: 
//printf{"to open the file bkl.txt\n")； 
ran=2 5 0； 
comm_putc{(char)ran)； 
ip2=fopen("bkl.txt",“r“); 
w h i l e ( f s c a n f ( i p 2 , "%d,', &i) !=E〇F〉（ 
nl + +; 
^ } 
for ( k = 0 ; k < n l ; k + + ) { 
f s c a n f ( i p 2 , "%d,_, £ckl); 
c o m m _ p u t c { ( c h a r ) k l ) ; 
- // f s c a n f ( i p 2 , "%d", &k2)； ‘ 
//printf(“the f i r s t c o - o r d i n a t e is %d 
% d \ n " , ^ l , k 2 )； 




c a s e 12： 
printf(“to open the file b k 2 . t x t \ n " ) ; 
i p 2 = f o p e n ( " b k 2 . t x t " , " r " ) ; 
f s c a n f ( i p 2 , " % d " , Sckl)； . 
f s c a n f ( i p 2 , "%d", & k 2 ) ; 
printf(“the first c o - o r d i n a t e is % d % d \ n " , k l , k 2 ) ; 
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